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Preface to the Dover Edition 


I am grateful to Dover Publications for issuing, at a rela¬ 
tively low price, new editions of these two little books of 
mine which have long been out of print. Each of them con¬ 
tains two parts: first, a text explaining the meaning of the 
history of science (or the history of mathematics) and, second, 
a bibliography facilitating additional studies. These bibliog¬ 
raphies are not up-to-date but contain the essential down 
to time of first publication. Readers who are sufficiently in¬ 
quisitive will be able to complete them easily by referring to 
my book Horns, A Guide to the History of Science, published 
by Chronica Botanica, Waltham, Mass., in 1952. But even that 
is not absolutely up-to-date, for up-to-dateness in an evanescent 
quality in a world changing as fast as ours. Readers wanting 
the very latest information on the history of science should 
consult regularly in a public library, or better still at home, 
the current number of Isis, An International Quarterly Re¬ 
view devoted to the History of Science, edited by I. Bernard 
Cohen, Widener Library 189, Cambridge 38, Mass. 

The main thing is to understand that in a world dominated 
by scientific methods and inventions the history of science 
should be the keystone of higher education. 

Christmas 1954 George Sarton 
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the study of the history 
of mathematics 



THE STUDY OF THE HISTORY OF 
MATHEMATICS 


T HE remarks which I have made on another occasion 
with reference to the history of science 1 would apply 
equally well to the history of mathematics; there is 
no need of repeating them. However, the history of any 
special science suggests new considerations. As long as the 
history of science was conceived as the sum of the histories 
of special sciences, the relationship between the former and 
the latter was simple enough. The history of each special 
science was simply a part of a whole; a part which could 
easily be removed and isolated. However, that old Whewel- 
lian conception had to be abandoned, as it was borne in 
gradually upon scholars that one of the most valuable as¬ 
pects of the history of science was the study of the inter¬ 
relationships between different branches and their mutual 
enrichment. The history of science could no longer be 
conceived as a sum of particular histories, but rather as an 
organic integration, whence no part could be abstracted 
without damage. Moreover the history of each science is 
necessarily more technical than that of science as a whole, 
more concerned with scientific than with cultural continu¬ 
ity. As it deals with a more limited group of ideas it can 
hope to follow these more closely. To be sure, these differ¬ 
ences are quantitative rather than qualitative, and would 
vary considerably from one historian to another. The one 
might write a history of science of a very abstract type; the 
other, a history, say, of chemistry, which would contain 
fewer technicalities than humanities. In general, however, 
we should expect the opposite. 

1 G. Sarton, The Study of the History of Science, with an Introductory Bibliography 
(Cambridge, Harvard University Press, 1936). See also The History of Science 
Versus the History of Medicine (Isis, vol. 23, pp. 313-320, 1935). 














VARIOUS KINDS OF MATHEMATICAL HISTORY 5 
historian of science, will not attempt to do over again the 
latter’s task, and he may even feel inclined to take of his 
own subject too technical and too narrow a view. There¬ 
fore, it is well to insist that he should seize every occasion to 
indicate the relationships between mathematics and other 
sciences, and to insist that these relationships have always 
been reciprocal: mathematical problems being often the 
result of physical needs, while mathematical elaboration 
gave physics, and, gradually, other sciences, not only means 
of discovery of almost miraculous potency, but also perfect 
models of analysis and synthesis. 

Some historians of mathematics, with a strong bent for 
humanism, are willing to consider not only other scientific 
activities than the purely mathematical, but the whole 
gamu t of life. So much the better. Others, moviHg'in'tKe 
opposite direction, feel that the history of mathematics it¬ 
self — not to speak of the history of science — is too com¬ 
plicated a subject, and, wishing to avoid the endless intri¬ 
cacies of the mathematical tree, they select one branch of 
it, and study its development in more or less complete iso¬ 
lation from the others. Thus the historian may be led to 
investigate the development of algebra across the ages, or 
the amplifications of a single idea, like the idea of number, 
function, or group. 

Such abstraction in historical research, as opposed to the 
more natural procedure of considering each fact as it occurs 
in due chronological order, is very arbitrary. It is perhaps 
worth while to examine the matter a little more carefully. 
The filiation of ideas is somewhat like the filiation of in¬ 
dividuals, except that the intricacy is even greater. Any 
individual A thinking only of his own genealogy has a sim¬ 
ple pattern in his mind like our figure 1, but that pattern is 
obviously a false one, from every point of view except that 
of his own unimportant personality. In reality, the pattern 
is enormously more complicated, for each couple may have 
had more than one child, each person may have married 







SECRET HISTORY •) 

and such an abstraction, however interesting it may be, is 
always arbitrary to a degree. 

The study of special branches of mathematics or of special 
mathematical ideas is very useful, for it helps one to under¬ 
stand those particular ideas more deeply, but it should not 
be allowed to confuse our historical perspective. The his¬ 
torian must try to keep in mind the chronological succes¬ 
sion not of this or that idea, abstracted from the rest, but 
of the main ideas, all of them in their mutual relationships 
and in their diverse connections with the rest of life. 


Many times have I compared the history of science with 
a secret history , the account of a development taking place 
mysteriously in the darkness, while the majority of people 
are more interested and more immediately affected by the 
events happening on the battlefield or the forum, or by the 
vicissitudes of their own selves and families. For societies, 
even as for individuals, one must make a sharp distinction 
between the things which are the most urgent and those 
which are the most important. These things are not by any 
means the same. The most urgent necessity is to live, to 
remain alive, that is, to eat, sleep, to be happy, to procreate 
children, and obtain security for one’s family. That means 
physiology, business, and sport, and often enough war. 
However, the most important things are not to satisfy one’s 
physiological needs, but to increase the cultural heritage 
which has been bequeathed to us. The urgent things are 
obvious enough, and men’s efforts to obtain them fill the 
whole historical picture; one can hardly see anything else. 
Yet all the time some men pursue in the darkness, secretly, 
the fulfilment of their intellectual desires and of humanity’s 
highest purpose. 

If the history of science is a secret history, then the history 
of mathematics is doubly secret, a secret within a secret, 
for the growth of mathematics is unknown not only to the 











THE GREEK MIRACLE 9 

of Mesopotamia had been developing a mathematics of 
their ownAvhich was as admirable as the Egyptian. In the 
fourth millennium the Sumerians had already some kind 
of ‘position 5 concept in the writing of numbers, and had 
learned to treat submultiples in the same way as multiples, 
an idea which the Western world did not recapture until 
fifty centuries later. The geometry of the Babylonians did 
not reach the same level as that of the Egyptians, but on 
the other hand their resourcefulness in algebra was as¬ 
tounding, for they succeeded in solving not only quadratic 
but even cubic equations. To appreciate the relative im¬ 
portance of these achievements it is well to remember that 
we are much closer to Euclid, often called ‘the father of 
geometry, 5 than Euclid was to the unknown Egyptian and 
Mesopotamian mathematicians. 

In reality the way for Euclidean mathematics was very 
gradually and thoroughly prepared, not only by the mille¬ 
nary efforts of Africans and Asiatics, but by three centuries 
of persistent investigations by the most gifted people among 
our ancestors, the Greeks of the golden age. The historian 
is made to witness the building up, as it were stone by stone, 
of that wonderful monument, geometry, as it was finally 
transmitted to us in the Elements. The Greek ‘miracle 5 con¬ 
tinued for at least six more centuries after Euclid, but with 
less and less intensity and with longer intervals of sleep be¬ 
tween the periods of creation. In the meanwhile, the centre 
of mathematical light had moved from Athens for a brief 
interval to Syracuse and then to the Greco-oriental city of 
Alexandria, where it remained for centuries. Thus was 
their debt to Egypt abundantly repaid by the Greek mas¬ 
ters and their Roman disciples. 

After the Romans came the barbarians, and ancient wis¬ 
dom w r as in danger of complete oblivion, when it was unex¬ 
pectedly rescued by the Arabs. These were also barbarians, 
but barbarians redeemed by an intense faith and, for a few 
centuries at least, by an unquenchable curiosity. The 

















MATHEMATICAL PROGRESS 11 

in them? In a way they continued the Greek tradition, 
and they did it with so much fervour that they almost for¬ 
got their humbler but very real debts to the Middle Ages. 
This golden age was not transitory, like the Greek one; it 
continued, with less splendor perhaps but with equal 
greatness, until our own days. The immense prestige of 
the seventeenth-century mathematics is partly due to the 
effect of contrast. The giants of those golden days seem 
more gigantic because they rose so near the mediaeval 
plains. We are startled when we think of the dose succession 
of their achievements, and the cumulative effect upon us is 
similar to that of the mountains which we see in the course 
of a journey. As we come from the lowlands, the first snowy 
peak amazes us, and if many such giants of nature follow 
each other within a relatively short time we may be com¬ 
pletely overwhelmed. There were a number of mathemati¬ 
cal giants in the eighteenth and nineteenth centuries, but 
by that time a new pace had already been set, and one 
almost expected mathematical progress to continue indefi¬ 
nitely at the same rate. 

Will it continue? It is too early to know, but the twen¬ 
tieth century has strongly accentuated the spirit of criticism 
which characterized the end of the last century, and created 
in mathematics, as well as in other fields of science, a period 
of examination, experimentation (yes, even in mathemat¬ 
ics), 1 and revolutionary thought, which may be the best 
preparation for new adventures and new discoveries. We 
cannot tell what will happen, because such fermentation of 
mathematical ideas has not occurred before on the same 
scale: it may be a good omen, or the outcome may be 
smaller than the bustle. Let us remember the secrecy of 
mathematics. Great discoveries are not made without 
preparation, far from it, but they are likely to come in very 
quietly, without drums and trumpets. 

1 See some excellent remarks on the subject by Pierre Boutroux in his 
L'idial scicnlifique its mathcmalicicns (Paris, 1920), pp. igi, 210. 























FUTURE MATHEMATICS 13 

sure Delambre was careful in qualifying it: no progress is 
conceivable unless new combinations are found; but not 
only were new combinations found, the old ones were far 
from being used up. Have we not witnessed in recent times 
an astounding revival of elementary geometry, the new 
geometry of the triangle and the tetraedron, the circle and 
the sphere? And yet, such is the incorrigibleness of human 
nature, a mathematician who has distinguished himself in 
that very field, Julian Coolidge, has just indulged his own 
pessimism in a lecture on the rise and fall of projective 
geometry. 1 If theorems which Euclid might have discov¬ 
ered were not discovered until twenty-two centuries later, 
may we not assume that Steiner, von Staudt, and their 
disciples have overlooked more things than we can imagine? 

The history of mathematics is exhilarating, because it 
unfolds before us the vision of an endless series of victories 
of the human mind, victories without counterbalancing 
failures, that is, without dishonorable and humiliating ones, 
and without atrocities. At the same time it helps to dispel 
pessimism. However great the victories may be, the sea¬ 
soned historian expects still more and greater ones. Has it 
not always been so? Has not each mathematical conquest 
been followed with another and nobler one? History shows 
that time after time a theory which was thought final and 
complete was nothing but a stepping stone to a better one, 
and new theories were thus established one after another 
when there seemed to be no more room for them. Why 
should the future be essentially different from the past? 
Why should our presence to-day create such a strange dis¬ 
continuity in human evolution? It is thus highly probable 
that mathematics will continue to be unfolded with greater 
and greater exuberance. There may be now and then peri¬ 
ods of rest and fallow, but it is almost inconceivable that our 
knowledge should ever be everywhere lost and permanently 

1 American Mathematical Monthly, vol. 41, pp. 217-228 (<934). '°*' 

23. P- 5 8 2- 

















EXTERNAL AND INTERNAL INFLUENCES 15 

internal necessity? An extreme answer to that question was 
suggested by Evariste Galois: 

La science progresse par une serie de combinaisons oil le hazard ne 
joue pas le moindre role; sa vie est brute et ressemble a celle des mine- 
raux qui croissent par juxta position. Cel4 s’applique non seulement a 
la science telle qu’elle resulte des travaux d’une serie de savants, mais 
aussi aux recherches particulieres a chacun d’eux. En vain ies analystes 
voudraient-ils se le dissimuler: ils ne deduisent pas, ils combinent, ils 
comparent; quand ils arrivent a la verite, c’est en heurtant de cote et 
d’autre qu’il y sont tombes. 1 

There is no doubt that Galois’s curious answer was itself 
dominated by an internal necessity, by the merciless genius 
in him which left him no choice but to obey. He must have 
felt strongly the hopelessness of resisting one’s fate. As to 
external necessities, very clear answers on the subject have 
been given us repeatedly by mathematicians of the new 
Russian persuasion. According to them, even Newton’s 
achievement was conditioned by the economic needs of his 
time. And yet I am not convinced. It is easy enough to 
explain so me facts retrospectively, especially if one be free 
to select~the convenient facts and to abandon the incon¬ 
venient ones. Why did the most industrial and mercantile 
nation of Europe reject the metric system, while its use 
would have caused great economies in time and money? 
Suppose the situation had been reversed, how tempting it 
would have been to explain the creation of the metric system 
as a necessary result of the superior mercantilism of England. 

There is no doubt that mathematical discoveries are con¬ 
ditioned by outside events of every kind, political, economic, 
scientific, military, and by the incessant demands of the arts 
of peace and war. Mathematics did never develop in a 
political or economic vacuum. However, we think that 
those events were only some of the factors among others, 

1 From Mss. edited by Jules Tannery in Bulletin ies sciences methhnatiques, 
vol. 41, p. 260 (igo6), Galois’s spelling being preserved. Galois’s other re- 
marks arc w el l worth reading; they arc brilliant and inconsistent- See below. 







NECESSITY AND CAPRICE 17 

Our mathematical practice of to-day is still littered with the 
fossils of earlier times, such as Roman numerals, sexagesimal 
fractions, the English weights and measures, etc.; on the 
other hand, other relics have been abandoned, the redis¬ 
covery of which delights the historian, even as obsolete 
curios delight the archaeologist. When we compare the 
whole of mankind with a single man growing in knowledge 
and wisdom, we may stretch the comparison a little further: 
no man remembers equally well everything; even the best 
memory experiences lapses, betrayals, and preferences. The 
whole of mankind is like a man with a memory that is good 
but not perfect. 

The deterministic theory of mathematical progress re¬ 
mains insufficient even when one has corrected and tem¬ 
pered it as we have done. It is not always possible to ac¬ 
count for the development of mathematical ideas by a 
combination of external events with personal impulses on 
the one hand and personal inhibitions on the other, great 
as is the flexibility of such a method. There are many facts 
which one cannot account for in a general way, and this 
applies to mathematical inventions as well as to any other 
details of human behavior. Many mathematical develop¬ 
ments are capricious in the extreme, and it is a waste of 
time to try to find a rational explanation of them. Strangely 
enough, in the same text wherein Galois expressed so 
strongly his belief in mathematical fatality, he also called 
attention to the great irregularity and disorder of our 
mathematical knowledge. An orderly development would 
only be possible for a godlike mathematician knowing in 
advance all the possible mathematics. 

Here is really the crux of the matter. Mathematicians 
and other scientists, however great they may be, do not 
know the future. Their genius may enable them to project 
their purpose ahead of them; it is as if they had a special 
lamp, unavailable to lesser men, illuminating their path; 
but even in the most favorable cases the lamp sends only a 













WAYS OF DISCOVERY 19 

an infinity of others which did not. The shortest distance 
from one point to another is a geodetic line, but such a line 
can only be followed if one knows one’s destination, in 
which case there would be no discovery. The ways of dis¬ 
covery must necessarily be very different from the shortest 
way, indirect and circuitous, with many windings and re¬ 
treats. It is only at a later stage of knowledge, when a new 
domain has been sufficiently explored, that it becomes pos¬ 
sible to reconstruct the whole theory on a logical basis, and 
to show how it might have been discovered by an omniscient 
being, that is, how it might have been discovered if there 
had been no real need of discovering it! Galois’s impatience 
with the textbooks of his day was inconsistent. It is as if an 
explorer of an unknown territory complained of the absence 
of maps, or the student of an unknown language of the lack 
of grammars and dictionaries. 

To conclude, capriciousness is of the essence of discovery, 
because we can only know where we are going, and whether 
it is worth going to, when we are there. Accordingly we 
cannot help following many false trails, and going astray 
in many ways. Moreover, caprice is of the essence of life in 
general, and of human life in particular, because of life’s 
very complexity and indetermination. 


Nevertheless, the development of mathematics is perhaps 
less capricious than that of other sciences, more completely 
determined (or less undetermined), if not by external fac¬ 
tors, at least by internal ones, for each theory presses forward 
as it were, and the mathematicians who are playing with it 
must needs perceive some of its consequences. The desire 
to follow them to the limit is then likely to prove irresistible, 
whether these consequences be useful or not. The concate¬ 
nations of mathematical ideas are not divorced from life, far 
from it, but they are less influenced than other scientific 
ideas by accidents, and it is perhaps more possible, and 







HISTORICAL VS. MATHEMATICAL SYNTHESIS 21 
regarded as irrelevant. The mathematician whose privilege 
it is to give to a theory its final, ‘classical’ shape, is likely to 
define the function he is dealing with by means of the 
property which was perhaps the last one to be discovered. 
That is all right: the synthesis thus created, however dis¬ 
tant it may be from historical contingencies, is closer to the 
deeper mathematical realities. 

We need equally the two kinds of synthesis: the historical 
and the purely mathematical. The latter is the shortest if 
not always the easiest path to knowledge, but it fails to ex¬ 
plain the human implications; it may satisfy the matter- 
of-fact and hurried mathematician; it cannot satisfy the 
philosopher and the humanist. 

As to the pure mathematician, even he should not be too 
easily satisfied with the latest synthesis. To begin with, that 
synthesis may be incomplete. Some elements which were 
not deemed essential for it may have other values, they may 
prove to be essential for other structures, or the one from 
which they were eliminated may not be as final as it seems. 
Indeed, no theory is ever final. A new discovery, a new 
point of view may cause its abandonment and its super- 
sedure by another, and the facts neglected in one shuffling 
may be considered invaluable in another. Every synthesis 
implies sacrifices; it is not merely a simplification but also 
and unavoidably a betrayal of reality, a distortion of the 
truth, and the mathematician who takes the trouble of con¬ 
sidering the origin and evolution of ideas, as well as their 
final shape, will improve his understanding of them and 
enrich his mind. 

The study of history may, or may not, help the mathema¬ 
tician to make new discoveries by suggesting new connec¬ 
tions between old ideas or new applications of old methods; 
in any case it will complete his mastery of the subject, and 
provide him with new opportunities for a deeper and more 
intuitive grasp of it. 


* * * 
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words of his enthusiastic biographer) continued irritable, greedy, fond 
of solitude, persevering, unaffectionate, coarse and garrulous in con¬ 
versation, benevolent, independent, fond of beer, religious, without pas¬ 
sions, and without a single intellectual taste. He had never received any 
education except in counterpoint. He had had no experience. Yet he 
could interpret the deepest psychological secrets; he could sing dithy¬ 
rambs to God, or preach moral sermons; he could express the feelings 
of mighty nations, and speak with the voice of angels more effectually 
than even Milton; he could give life to passion, and in a few changes of 
his melody lead love through all its variations from despair to triumph — 
there was nothing that he did not know. The whole world had become 
for him music, and his chords were co-extensive with the universe. 
Raphael’s capability to paint the school of Athens, after coming from 
the workshop of Perugino, was perhaps less marvellous than Handel’s to 
delineate the length and breadth and height and depth of human nature 
in his choruses. We shall never comprehend, nous aulres, the mysteries 
of genius. It is a God-sent clairvoyance, inexplicable, and different in 
kind from intellect. 1 

This account has recurred to me almost every time I 
have been introduced to an original scientist, for it applies 
to him as well as to his musical brethren. 

The great mathematician may be a man of very limited 
experience and wisdom outside his own field and his advice 
in non-mathematical matters may be of very little value; 
he may be burdened with all kinds of passions and weak¬ 
nesses; in short, he is like the rest of us except in one es¬ 
sential respect. When we write his biography it is clear 
that it is that essential thing, his genius, which must remain 
in the centre of the picture, but our curiosity does not stop 
there. We may be so deeply interested in his personality 
that we desire to know everything, whether good or bad, 
which concerns it. That is all right. Full and honest biog¬ 
raphies should be encouraged by all means, they help us 
to know our fellow men and ourselves better, but that 
loathsome fashion of our time, which is called ‘debunk¬ 
ing’ — the dragging down of great men to the level of their 

1 John Addington Symonds, as quoted by Horatio F. Brown in the latter’s 
biography of him (London, 1895, a vols.), vol. 1, pp. 343-344. 














HISTORY AS A RECREATION 25 

does not increase very much from time to time, or docs not 
continue to increase as much as one might expect. It is 
quite certain that the number of original mathematicians 
has not increased in proportion to the number of well 
trained mathematicians, or to the availabilities for mathe¬ 
matical research. This confirms my theory that mathe¬ 
matical theory is not very much determined by external 
circumstances. The main factor is the availability of crea¬ 
tive genius, which cannot be controlled. 

In the experimental sciences, discoveries may become 
possible or be facilitated by the use of new instruments, and 
in certain cases it is difficult to separate the virtues of the 
instrument from those of the observer. In mathematics, 
as in music, genius can be contemplated in a greater state 
of purity, and hence the history of mathematics is perhaps 
more interesting to the psychologist than that of any other 
science. 


To the educated and intelligent mathematician, or at 
least to the one whose curiosity and intelligence extend be¬ 
yond the boundaries of his special studies, the history of 
mathematics affords a recreation which is pleasant as well 
as instructive. It requires from him no real effort, but he 
should always remember with gratitude that his enjoy¬ 
ment is made possible by the devotion of a few scholars for 
whom this is not a pure recreation but a vocation as impera¬ 
tive and tyrannical as his own. Above all, he should bear 
in mind that history has no value unless it be accurate, or 
as accurate as possible, and that such accuracy is as difficult 
to obtain and to increase in this field as in any other. He 
should insist on being given for his recreation the best and 
purest kind of history, and not be satisfied with the second 
best or the imperfect; he should reject without hesitation 
the books wherein the sober truth is replaced by flippancy 
and jesting; he should appreciate the efforts made by his 
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deeper and more original his study, the more reliable will 
be his appreciation of the work of other people. 

* * * 

Bibliographical perversion is only an example of a larger 
category. When investigations become very technical, 
there is always a danger that the subject be sacrificed to the 
technique. The best way to minimize this danger is never 
to lose sight of the purpose of our studies. The purpose can¬ 
not be merely to exhibit one’s mastery of a difficult tech¬ 
nique, but rather to apply that technique to the attainment 
of a deeper understanding of mathematics and a better ap¬ 
preciation of the humanities implied. 

The well tempered historian must beware equally of 
pedantry on the one hand and of inaccuracy or premature 
generalization on the other. He must ever bear in mind 
that, however desirable historical knowledge may be, its 
value, like that of any other kind of knowledge, is a function 
of its accuracy. Inaccurate knowledge, that is, knowledge 
which is below the level of attainable accuracy, is not only 
worthless; its value is negative. 

There has been much discussion in recent years anent the 
double standard of morality applying to men and women. 
We are now beginning to realize that what is wrong and 
dishonorable for a woman is equally wrong and dishonor¬ 
able for a man. There now remains to be overthrown an¬ 
other double standard of morality which poisons our intel¬ 
lectual atmosphere. Accuracy has the same meaning in 
history as in science. The scientist who has two standards 
of truth, one for his scientific work, the other for his his¬ 
torical work, should not be allowed to discredit our studies 
but only himself. No matter what his ‘scientific’ reputa¬ 
tion may be, as opposed to his ‘historical’ one, he should be 
revealed in his true colors, as an incompetent scholar, or a 
dishonest one, or both, as one who debases our knowledge 
and defiles his own temple. 





NOTE ON THE STUDY OF THE HISTORY 
OF MODERN MATHEMATICS 


B Y ‘modern mathematics’ is meant roughly mathe¬ 
matics in the nineteenth and twentieth centuries, with 
special reference to the more difficult parts of it. It is 
necessary to make such a distinction for almost every branch 
of science, but above all for mathemadcs. The more im¬ 
mediate past of mathematics cannot be explored with profit 
except by a professional mathematician, preferably by one 
who is familiar with the latest developments of the many 
questions of which he is trying to reconstruct the evolution. 

In a general course on the history of mathematics it is 
difficult to give a sufficient account of modern mathematics, 
and if the course is short (as mine is, some thirty-five lec¬ 
tures) it is impossible. Indeed, the growth of mathematics 
during the last century and a half has been enormous, 
amazing, and some of the new developments are so esoteric 
that they cannot be understood by every mathematician, 
but only by those having undergone a special training in the 
proper direction. 

To illustrate the bewildering complexity of modern 
mathematics it will suffice to recall the late Florian Cajori’s 
estimate. 1 It took Moritz Cantor four large volumes (about 
4000 pages) to tell the history of mathematics from the be¬ 
ginnings to 1799. Cajori calculated that in order to write 
the history of nineteenth-century mathematics on the same 
scale some fourteen or fifteen additional volumes would be 
needed. I have not very much confidence in Cajori’s esti¬ 
mate. Modern history should never be written with the 
same completeness as ancient history, for the simple reason 
that the sifting of materials, which has been done mercilessly 

1 “ Plans for a History of Mathematics in the Nineteenth Century,” in 
Science, vol. 48, pp. 279-284 (1918). 
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branches of mathematics? Thus the course would naturally 
begin with one or two historical lectures, and if the teacher 
had the historical sense, he would easily contrive, as the 
theory' unfolded itself, to introduce the main creators: 
Fagnano, Euler, Lagrange, Legendre, Gauss, Abel, Jacobi, 
Glebsch, Kronecker, Halphen, Hermite. Please note that 
if he did that part of his task well enough, if he succeeded 
in evoking those great personalities, his audience would be¬ 
come familiar with some of the leading mathematicians of 
the last century. It would be merely a cross-section of 
nineteenth-century mathematics, but it would be a magnifi¬ 
cent cross-section. Every' subject taught in our universities 
to advanced students, theory of surfaces, theory of prob¬ 
abilities, projective geometry, general theory of functions, 
theory of potential, analysis situs, and so on, would lead to 
historical cross-sections of a similar kind, and the student 
guided in such courses by imaginative and historically- 
minded teachers w’ould begin to have a fair idea of the 
achievements of the last century. Laplace would not be 
for him simply the name of a function or an equation, but 
a man, a man of flesh and blood, a man of towering genius 
yet as full of vanities as himself; and the same applies to 
all the names which have become indissolubly attached to 
mathematical ideas. 

In short, the history of modem mathematics should be 
taught by r mathematical teachers in the course of their or¬ 
dinary teaching, while the history of older mathematics 
can be properly taught only by a specialist, who must be 
as much of a historian as of a mathematician, if not more. 

Before dropping this part of the subject, let me still add 
that the professional historian of mathematics is generally 
unable to see the details of modern mathematics, and especi¬ 
ally of the twentieth-century mathematics, in their proper 
perspective. He is always in danger of not seeing the wood 
for the trees, and of appreciating incorrecdy the relative 
v'eight of different facts and theories. Judging from my ex- 
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minded mathematicians rather than by mathematically- 
minded historians. Furthermore, it is only when much of 
that work has been done, that is, when a great many analy¬ 
ses and partial syntheses of various kinds have been ac¬ 
complished, that it will become at all possible to write tire 
history of modem mathematics which Florian Cajori had 
in mind. 


The following remarks concern chiefly the mathematician 
who may be induced to do from time to time some of this 
historical, or semi-historical, work. Tire purely technical 
difficulties on the historical side arc small, incomparably 
smaller than in the ease of ancient, mediaeval, or oriental 
mathematics, where they tend to predominate, but that 
docs not mean that they do not exist. There are many pit- 
falls, no less dangerous because of their apparent insig¬ 
nificance. 

The dating of discoveries is much easier, of course, than 
in earlier times, especially in times anterior to printing, 
but the dating must be more precise. Discoveries were 
often made almost simultaneously by different authors, and 
it may be necessary to determine the priority of one of them, 
and the dependence of the others on him, or, on the con¬ 
trary, their independence from him. Controversies over 
priority can only be settled by very accurate dating of the 
rival achievements. The dates printed on books and on 
fascicles of periodicals may not be reliable, or if reliable, 
they may not be sufficiently accurate. 

The date of the reading of a paper before an academy or 
scientific society is sometimes considered as the date of pub¬ 
lication, but this is very misleading. For the reading may 
never have taken place, and even if it took place, it was in 
all probability fragmentary and incomplete, and there is 
nothing to guarantee that the paper actually published a 
year or many years later is identical with the one which 
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to-date when it appears, he will correct it up to the last 
minute, and take advantage of his discussion of it with col¬ 
leagues and of every ulterior publication as far as possible. 

The dates printed on the covers of periodicals are often 
inaccurate. Such errors are notorious to contemporaries, 
at least to those who trouble to compare the printed dates 
with the dates of reception, but the discrepancy soon ceases 
to be perceptible and is readily forgotten. 

The account of their discoveries given by mathematicians 
— as well as by other scientists — should never be accepted 
without control. A scientist may falsify that account, con¬ 
sciously or unconsciously. Conscious falsifications are prob¬ 
ably rare, at least in modern times, but the unconscious ones 
may be frequent, and the more misleading because of their 
ingenuity. The discoverer may be unconsciously led to 
exaggerate the difficulties, to minimize his own hesitations; 
his remembrance of various circumstances may be strangely 
garbled, and his final story as untrue, yet as innocent, as 
that of any honest angler reporting his feats. He may also 
antedate his discovery, that is, his initial discovery, which 
may have been considerably anterior to publication. Such 
errors, which are psychologically very plausible, increase 
with the lapse of time, and one must be especially suspicious 
of them in reminiscences written in old age, often a great 
many years after the time when the recorded events took 
place. For an example of such honest misrepresentation, 
see my paper on Karl Ernst von Baer’s discovery of the 
mammalian ovum; the discovery was made in 1827, his 
autobiography was written forty years later. 1 This has 
nothing to do with mathematics, but the example would 
apply equally well to mathematical discoveries. 

The long and the short of it is that the historian must 
always stand on his guard. ‘Seeing is believing’ will never 
do in scientific work. Seeing is not enough, for we often see 

1 G Sarton, “The Discovery of the Mammalian Egg and the Foundation 
of Modern Embryology,” in Zrw, vol. 16, pp. 3*5-378 (1931), especially p. 324. 
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qualifications arc less obvious and less imperative, but 
hardly less important. No one can write a good biography 
who lacks imagination, insight, and sympathy; he must be 
able to recapture the feelings and the moods as well as 
the trains of thought of his subject. The writing of a 
monograph on the genesis and development of an idea,* the 
biography of an idea,’ requires a deeper insight into mathe¬ 
matical interrelations and continuities, rather than human¬ 
ism, yet the account will be more appealing if all the human 
circumstances and idiosyncrasies which moved the idea 
now in this, now in that direction are brought out in bold 
relief against the technical and impersonal background. In 
many cases the biographical and scientific accounts are 
interwoven. 

The mathematician who has historical leanings should 
exercise himself in sundry ways, and attempt syntheses of 
various kinds: vertical (the evolution of an idea or of a 
man), horizontal (the knowledge attained at a certain time 
and place). Thus will he gradually master his subject, not 
only in its present stage, but in its very growth and life and 
in the continuities and implications of the whole past. 


Historical results are unavoidably incomplete and im¬ 
perfect, but if we try at all to obtain some of them we should 
do our very best, and make it unnecessary for others to do 
our work over again wdthin the near future. Accurate work 
may seem very expensive in time and energy, but in the 
long run it is much cheaper than quick and slovenly work, 
for the latter is worthless. The past to be explored is limited, 
and is represented to-day by a limited number of documents, 
some of which are already available, while others are still 
undiscovered. The total number of those documents can 
decrease by loss, or destruction, it cannot possibly increase. 
Hence the investigation of that knowledge is also limited, 
and, in theory at least, it should be possible to complete it. 
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In spite of its deliberate brevity, this bibliography is so arranged 
as to enable intelligent students to complete it to any extent. In 
the meanwhile it will satisfy their immediate needs. They should 
consult also the bibliography appended to my Study of the History 
of Science, a companion volume to this one. The present bibliog¬ 
raphy is divided as follows: 

I. General treatises, and other works completing them, with 
regard to the history of mathematics in Egypt, Mesopotamia, 
Greece, India, the Far East, and in mediaeval times. 

II. Handbooks. 

III. Treatises devoted to the history of special branches of 
mathematics. Generalities. Arithmetic. Theory of numbers. 
Algebra. Determinants. Trigonometry. Elementary geometry. 
Analytical geometry. Descriptive geometry. Synthetic geometry. 
Non-Euclidean geometry. Analysis. Calculus of variations. The¬ 
ory of probabilities. 

IV. Mathematics in the nineteenth and twentieth centuries. 

V. Philosophy and methodology. 

VI. Bibliography. A. Guides. B. Encyclopaedias. G. Large 
catalogues. D. Journals. 

VII. Journals on the history of mathematics. 

VIII. Centres of research. A. Academies of science. B. Math¬ 
ematical societies. C. International congresses. D. Institutes and 
libraries. 

Appendix. Biographies of modern mathematicians. 

I. General Treatises 

Of the early treatises only one deserves to be quoted here. 

Jean Etienne Montucla (1725-99), Hisloire des mathematiques 
(Paris, 1758, 2 vols). New edition completed by Jerome de La- 
lande (1732-1807) (Paris, 1799-1802, 4 vols.). 
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180. Mmoires scientifiques, edited by his widow since 1912; thus 
far ( r 936), 13 vols. published (see Isis, passim). It was necessary 
to mention Tannery in a general way, though there is no danger 
of his being overlooked, as his papers, all anterior to 1905, are 
often referred to by Cantor, Heath, Sarton, and others. 

I shall quote now a series of books completing Cantor’s monu¬ 
mental history, and constituting with it a primary shelf of refer¬ 
ence. 

Otto Neugebauer, Vorlesungen iiber Geschichle der antiken mathe- 
matischen Wissenschajlen, vol. 1. Vorgriechische Mathematik (Ber¬ 
lin, 1934); cf. vol. 24, pp. 151-153. 

The main texts of Egyptian mathematics have been edited as 
follows: 

The Rhind Mathematical Papyrus, ed. by Arnold Buffum Chace, 
Ludlow Bull, Henry Parker Manning and Raymond Clare Archi¬ 
bald, Oberlin, Ohio (2 vols., 1927-29); cf. Isis, vol. 14, pp. 251- 
255. Includes an elaborate bibliography of Egyptian (and Baby¬ 
lonian) mathematics by Archibald. 

Mathemalischer Papyrus des slaatlichen Museums der schonen Kiinste in 
Moskau, ed. by W. W. Struve and B. A. Turajeff (Berlin, 1930); 
cf. Isis, vol. 16, pp. 148-155. 

The texts of Mesopotamian mathematics have just been printed 
in 

Mathemalische Keilschriftlexte, ed. by O. Neugebauer (Berlin, 
1935, 2 vols.). Including a bibliography of Babylonian mathe¬ 
matics. 

The standard work for the history of Greek mathematics is 

Sir Thomas Heath, A History of Greek Mathematics (Oxford, 
1921, 2 vols.); cf. Isis, vol. 4, pp. 532-535. There is an abbrevi¬ 
ated edition in a single volume, A Manual of Greek Mathematics 
(Oxford, 1931); cf. Isis, vol. 16, pp. 45 0- 45 r - 

Gino Loria, Le scienze esatle nell’ anlica Grecia (2d ed., Milano, 
1914); cf. Isis, vol. 1, pp. 7 I 4 - 7 1 ®- Covers a wider field than 
Heath, and is less elaborate, yet very valuable. 

For Hindu mathematics, see . 

George Rusby Kaye (1866-1929), “Indian Mathematics, in 
Isis, vol. 2, pp. 326-356 (1919)- 
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Walter William Rouse Ball (1850-1925), A Short Account of the 
History of Mathematics (London, 1888; sixth edition, 1915); cf. 
Isis, vol. 1, p. 561. This history has enjoyed more popularity 
than any other; though obsolescent, it may still prove of use. 
See Florian Cajori, “ W. W. R. Ball,” in Isis, vol. 8, pp. 321-324, 
portrait (1926). 

Siegmund Gunther (1848-1923), Geschichic dcr Mathemalik. I. 
Teil, Bis Cartesius (Leipzig, 1908). 

Heinrich Wieleitner (1874-1931), Geschichte dcr Mathemalik. II. 
Teil, Von Cartesius biszur Wende des 18. Jahrhunderts (Leipzig, 
1911-21, 2 parts). See Julius Ruska, “Heinrich Wieleitner,” in 
Isis, vol. 18, pp. 150-165, portrait (1932). 

Florian Cajori (1859-1930), A History of Mathematics (New York, 
1895; revised and enlarged edition, 1919). See R. C. Archibald, 
"Florian Cajori,” in Isis, vol. 17, pp. 384-407, portrait (1932). 

Cajori is especially valuable for the modern period. He deals, 
very briefly it is true, with a large number of mathematicians of 
the nineteenth and twentieth centuries. 

David Eugene Smith, History of Mathematics (Boston, 1923-25, 
2 vols.); cf. Isis, vol. 6, pp. 440-444; vol. 8, pp. 221-225. This 
is restricted to elementary mathematics, but contains an abund¬ 
ance of new and out of the way information, and many illustra¬ 
tions. Smith’s books constitute the best introduction to the 
subject. 

Gino Loria, Storia delle matemaliche (Torino, 1929-33, 3 vols.). 
Vol. 1, to the Renaissance, 1929; vol. 2, sixteenth and seven¬ 
teenth centuries, 1931; vol. 3, eighteenth and nineteenth cen¬ 
turies, 1933; c f- Isis, vol. 13, p. 228; vol. 19, p. 231; vol. 22, 
p. 598. Includes a good general account of modern mathematics. 

To these handbooks may be added two so-called source-books. 

Heinrich Wieleitner, Mathcmalische Qucllcnbuchcr (Berlin, 1927- 
29,4 small vols.). These volumes, containing a series of annotated 
extracts from mathematical classics, deal respectively with (1) 
arithmetic and algebra, (2) geometry and trigonometry, (3) an¬ 
alytical and synthetic geometry, (4) infinitesimal calculus. Cf. 
Isis, vol. 11, p. 240; vol. 12, p. 413. 

David Eugene Smith, A Source Book in Mathematics (New York, 
1929); cf. Isis, vol. 14, pp- 268-270. Arranged in topical order: 
number, algebra, geometry, probability, calculus. Unfortunately 
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Isis, vol. 16, pp. 455~459; ad ed., 1933; cf. Isis, vol. 20, p. 592). 

Richard Brown, A History of Accounting and Accountants (Edin¬ 
burgh, 1905). 

Theory of Numbers. Leonard Eugene Dickson, History of the 
Theory of Numbers (Washington, 1919-23, 3 vols.). 

Vol. 1, divisibility and primality, 1919; cf. Isis, vol. 3, pp. 446- 
448. Vol. 2, Diophantine analysis, 1920; cf Isis, vol. 4, pp. 107- 
108. Vol. 3, quadratic and higher forms, 1923; cf Isis, vol. 6, 
pp. 96-98. 

These volumes do not contain a history in the usual sense of 
the word, but very elaborate collections of facts with the dates 
and references relative to each. The work is a magnificent intro¬ 
duction to the history of the subject. 

Algebra. Pietro Cossali (1748-1815), Origine, trasporlo in Italia, 
primi progressi in essa delP algebra. Storia critica di move disquisizioni 
analitiche 0 metafisiche arrichita (Parma, 1797-99, 2 vols.). 

Pietro Franchini (1768-1837), La storia dell ’ algebra e de ’ suoi 
principali scrittori sino al secolo XIX rettificata, illuslrata ed estesa col 
mezzo degli originali documenti (Lucca, 1827). 

Though obsolete in many respects, those two volumes must 
still be consulted. 

H. G. Zeuthen, Sur I’origine -de l’alg&bre (Danske Videnska- 
bernes Selskab, Mathematisk-Fysiske Meddelelser, ii, 4) (Copen¬ 
hagen, 1919, 70 pp.). „ 

Determinants. Sir Thomas Muir (1844-1934), The Theory of 
Determinants in the Historical Order of Development (London, 1906-23, 
4 vols.), with supplement. Contributions to the History of Determinants, 
1900-1920 (London, 1930). 

The same remark applies to these books as to Dickson’s above 
(cf. Isis, vol. 4, p. igg; vol. 7, p. 312; vol. 16, p. 510). Muir’s 
work is really an analytic catalogue of all papers dealing with 
determinants, but he has often overlooked very important mat¬ 
ters because these were included in papers specifically devoted to 
other subjects. This illustrates a fundamental weakness of such 
undertakings. „ , 

Trigonometry. Anton von Braunmuhl (1853-1908), Vorlesungen 
iiber Geschichte der Trigonometric (Leipzig, 1900-03, 2 vols.). 

Geometry. Michel Chasles (1793-1880), Aperfu histonque sur 
/’origins el le d'evelappement des methodes en geometne (Bruxelles, 1 37, 
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Space of n Dimensions (London, 1911: 415 pp.). In chronological 
order, with subject and author indices. 

Analysis. The early history of the differential and integral 
calculus (down to 1800) is naturally dealt with in vols. 3 and 
4 of Cantor’s Vorlesungen, but there is no history of modern an¬ 
alysis. 

There is an outline of the history of functions of complex varia¬ 
bles in Felice Casorati (1835-90), Teorica delle funzioni di variabili 
complesse (vol. 1, Pavia, 1868; no more published). The history 
down to 1865 covers 143 pages. 

Calculus of Variations. Isaac Todhunter (1820-84), History of the 
Calculus of Variations during the Nineteenth Century (Cambridge, 1861: 
544 PP-)- 

Theory of Probabilities. Isaac Todhunter, History of the Mathe¬ 
matical Theory of Probability from the Time of Pascal to that of Laplace 
(Cambridge, 1865: 640 pp.). 

Helen M. Walker, Studies in the History of Statistical Methods 
(Baltimore, 1929: 237 pp., 12 ills.); cf. Isis, vol. 13, pp. 382-383. 


IV. Mathematics in the Nineteenth and Twentieth 
Centuries 

Many of the books named in Section III deal with the modern 
history of mathematics, sometimes almost or quite exclusively. 
For example, in Muir’s elaborate history of determinants we find 
mention of only eleven papers anterior to 1800: there were no 
others. 

The best general view of nineteenth-century mathematics is 
the one contained in Cajori’s History of Mathematics (2d ed., 1919). 
Almost half of the volume (pp. 278-516) is devoted to the nine¬ 
teenth century and after. While it is only a bird’s eye view, it is 
the most complete I know of. The information given is often so 
brief as to be unintelligible except to one well acquainted with 
the subject. However, it indicates the mutual relationship of 
many hundreds of mathematicians. It is a modest but excellent 
reference book. 

The third volume of Loria’s Storia (1933) contains also a good 
account, dealing with fewer mathematicians, but giving more 
space to each. 
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senting the substance of lectures given in 1915-17. Klein had 
put together materials for many chapters, of which only these 
three were sufficiently advanced to be edited. 1. Principles of 
the linear theory of invariants. 2. Special theory of relativity 
in mechanics and mathematical physics. 3. Groups of analytic 
point transformations on the basis of a quadratic differential form. 
The fourth chapter would have been devoted to the general 
theory of relativity and Hamiltonian mechanics, but it was too 
inchoate to be edited. 

Pierre Sergescu, Les sciences mathematiques (Paris, 1933: 168 pp.); 
cf. Isis, vol. 23, p. 539. This is a part of the Tableau du XX‘ siecle 
(1900-33), a title here doubly misleading because Sergescu’s ac¬ 
count is not restricted to the twentieth century but is restricted to 
France. It is an interesting cross-section of the development of 
modern mathematics. 

Another valuable approach is given by the history of schools, 
societies, and journals. With regard to schools the most obvious 
examples are the Ecole Normale Sup£rieure and the Ecole Poly¬ 
technique, both of which were founded in Paris at the end of the 
eighteenth century and played an important part in the develop¬ 
ment of modern mathematics. 

Ecole Polytechnique. Lime du cenlenaire, 1794-1894 (Paris, 
1894-97, 3 vols., many portraits). Vol. 1 deals with science 
(1895: 618 pp.). , 

Le cenlenaire de VEcole Normale, 1795-1895 (Paris, 1895: 746 pp., 
many portraits). 

In general, whenever the mathematical topic whose history 
one is investigating was studied with particular success in a cer¬ 
tain university, it is worth while to consult the histories or com¬ 
memorative publications of that university. In many cases uni¬ 
versities have devoted special publications to their mathematical 
schools. 

With regard to journals, it is well to consult their commemora¬ 
tive volumes and indices. The most interesting table for the 
historian is: 

Acta Mathemalica, 1882-1912: Table generate des tomes 1-35, 
r6digee par Marcel Riesz (Uppsala, 1913: 180 pp.). Including 
short biographies and portraits of all the contributors, it con¬ 
stitutes the best iconographic survey of homo geomelrictis. 
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good; they are published in the Memoires de VAcademic and many 
are also available in separate volumes; this is the case for the 
biographies written by Francois Arago (Oeuvres, vols. 1-3, 1854- 
55; some of these were translated into English by W. H. Smyth, 
Baden Powell, and Robert Grant, as Biographies of Distinguished 
Scientific Men (London, 1857)), Joseph Bertrand ( Eloges aca- 
demiques, 1890; nou%'clle sdric, 1902), Gaston Darboux ( Eloges 
acadcmiqucs el discours, 1912), Emile Picard ( Discours el melanges, 
1922, Melanges de mathematiques el de physique, 1924, Eloges el dis¬ 
cours, 1931). See also Henri Poincard, Savants et ecrivains (1910), 
and Maurice d’Ocagne, Hommcs el choses de science (3 vols., 1930, 
1932,1936). 

For individual biographies see Appendix below. 

V. Philosophy and Methodology 

It is more difficult to make a selection of books on the philoso¬ 
phy of mathematics than on the history of it, because philosophi¬ 
cal qualities and defects arc not so tangible as historical ones, 
because the best philosophical books for one person are not neces¬ 
sarily the best for another, and, finally, because my own experi¬ 
ence is poorer in this field. I will name a few books which are 
valuable in different ways, and among which almost any student 
ought to be able to find what he needs; I do not say that other 
books of which I do not know arc not valuable. 

Jean Marie Constant Duhamel (1797-1872), Des melhodes dans 
les sciences de raisonnement (Paris, 1865-73, 5 vols.). 1, Des me- 
thodes communes k toutes les sciences de raisonnement (1865: 
104 pp.); 2, Application des mdthodcs gdndrales k la science des 
nombres et & la science de l’dtendue (1866: 464 pp.); 3, Appli¬ 
cation de la science des nombres k la science de Petendue (1868: 
457 PP-)! 4 > Application des mcthodcs gfinerales k la science des 
forces (1870: 486 pp.); 5, Essai d’une application des m6thodes 
k la science de l’homme moral (1873: 102 pp.). 

Though partly obsolete, this work is still valuable, and it is his¬ 
torically important, being the first large undertaking of its kind. 

After Duhamel, who is named first for chronological reasons, I 
must give the pride of place to Henri Poincare’s three famous 
volumes, La science et Vhypothise (1908), La valeur de la science (1909), 
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Pierre Boutroux, L’ideal scientifique des malhematiciens (Paris, 
1920: 274 pp.); cf. Isis, vol. 4, pp. 93-96. German translation 
(Leipzig, 1927). 

Boutroux’s books constitute a magnificent introduction to 
mathematics for the historian as well as for the philosopher. The 
larger treatise in two volumes is especially to be recommended to 
those who are not professional mathematicians because of its 
concreteness. An English version of the smaller book has long 
been overdue. 

Federigo Enriques, Per la sloria della logica: I principii e I'ordine 
della scienza nel concetto dei pensatori malemalici (Bologna, 1922: 
302 pp.); cf. Isis, vol. 5, p. 469. French translation in 1926, 
German translation in 1927, English translation by Jerome Rosen¬ 
thal, The Historic Development of Logic (New York, 1929). This 
book fully deserved its international success, for it is brief, clear, 
and instructive, perhaps the best guide for the history of the logic 
of science. 

Hermann Weyl, The Open World (New Haven, 1932; 90 pp.). 
The same, Mind and Nature (Philadelphia, 1934: 106 pp.); cf. 
Isis, vol. 23, pp. 281-284. 

Gino Loria, Metodi matematici: Essenza, tecnica, applicazioni (Mi¬ 
lano, Hoepli, 1935: 291 pp.); cf. Isis, vol. 25, p. 278. 

VI Bibliography 
A. Guides 

Ernst Wolffing, Mathematischer Biicherschatz■ /. Teil: Reine 
Mathemalik (Leipzig, 1903, 452 pp.: Abhandlungen zur Geschichte der 
malhematischen Wissenschaften, Heft 16, 1). This is a list of mathe¬ 
matical titles classified under 313 headings, such as 1, history of 
mathematics, 2, philosophy of mathematics, 3, symbols, 4, mathe¬ 
matical logic, . . . 113, functions of complex variables, special, 

. . . 308, involution, . . . 312, collections of formulas, 313, 
games. The items of each section are put in alphabetical order, 
without selection or criticism. 

Felix Muller (1843- )> Ftihra dutch die mathcmatische Literalur, 
mil besonderer Berucksichtigung da hislorisch wichtigen Schriften (Leip¬ 
zig, 1909, 262 pp.; Abhandlungen zur Geschichte der malhematischen 
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index volume, the last fascicle of the whole work, includes an 
epilogue by Constantin Caratheodory (1935). 

V. Physics. 3 parts in 3 volumes. Edited by Arnold Sommer- 
feld (1903-26). 

VI, 1. Geodesy and Geophysics. Edited by Philipp Furt- 
wangler and Emil Wiechert (1906-25). 

VI, 2. Astronomy. In 2 volumes. Edited by Karl Schwarz- 
schild, Samuel Oppenheim, and Walther von Dyck (1905-34). 

It was planned to publish a new edition of the encyclopaedia 
in French, the first part of which appeared in 1904. The Ency¬ 
clopedic des sciences mathematiquespures el appliquees, under the general 
editorship of Jules Molk (1857-1914), was not simply a transla¬ 
tion of the German work, but a revision (with attention to the 
historical point of view) 1 and an extension of it. Some 32 parts 
were actually published, being fragments of 27 volumes, none of 
which was completed. Then the undertaking was abandoned 
(1915). Neither the war nor the editor’s death can justify such 
a betrayal of the unfortunate subscribers. It should be noted that 
the catastrophe is even greater than it may seem at first. As it is 
hardly possible to remember which parts of each volume are 
available and which are not, one altogether loses the habit of 
consulting them, and the parts which have been published are 
almost as if they had never been. 


G. Large Catalogues 

Johann Christian PoggendorfF (1796-1877), Biographisch- 
literarisches Handworterbuch zur Geschichle der exaklen Wissenschajten 
(Leipzig, 1863, 2 vols.). Vol. 3 for the period 1858-83 (1898). 
Vol. 4 for the period 1883-1904 (1904). Vol. 5 for the period 
1904-22 (1926). 

Royal Society of London, Catalogue ojScientific Papers, 1800-1Q00 
(1867-1925, 19 vols.). Subject index (only 4 vols. published, 
1908-14). 

International Catalogue ofi Scientific Literature (1901-15). 

1 G. Encstrom, "Jules Molk als Forderer der exaktcn mathcmatisch- 
historischen Forschung,” in Bibliotheca Mathematica, 3d series, vol. 14, pp. 
336-340, with portrait (1915). 
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Gaston Darboux, now by Emile Picard (vol. i, 1870; vol. 70 in 
1935; from 1870 to 1884 the title was Bulletin des sciences mathi- 
matiques el astronomiques), the Jahrbuch iiber die Fortschrillc der 
Malhematik (vol. 1, for the year 1868, published in 1871; vol. 61 
in 1935), and the Revue semcstrielle des publications mathcmatiques, pub¬ 
lished under the auspices of the Mathematical Society of Amster¬ 
dam and since 1932 under the combined auspices of the Prussian 
Academy and that society (vol. 1 in 1893; vol. 40 in 1935). 

Felix Muller, “Abgekurztc Titel von Zeitschriften mathe- 
matischcn Inhalts,” and “ Erlautcrungen und historische Notizen 
zu vorstehendem Verzeichnissc,” in Jahresbericht der Deutschen 
Malhematiker-Vcreinigung, vol. 12, pp. 427-444 (1903). 

H. S. White, “Forty Years’ Fluctuations in Mathematical Re¬ 
search,” in Science, vol. 42, pp. 105-113 (1915). 

The best key to these journals until 1915 is provided by the 
three catalogues mentioned above in Section C. In addition to 
these, some journals have published special indices of their own, 
which it is unnecessary to mention here. 

VII. Journals on the History of Mathematics 

Though it is out of the question to deal separately with all the 
journals which are wholly or partly mathematical, I must not 
fail to mention the journals devoted primarily to the history of 
mathematics. 

The most important are, in chronological order: 

I. 1868. Bulletlino di bibhografia e di storia delle science malemaliche 
e Jisiche. Edited by Prince Baldassare Boncompagni (1821-94). 
Rome (1868-87, 20 large quartos). Indici dei venti tomi, in vol. 
20, pp. 697-748 (1890). 

This was a bibliographical journal as well as a purely historical 
one; the line is not always easy to draw. On the other hand Dar- 
boux’s Bulletin, mentioned previously with other bibliographical 
journals, might have been mentioned here, for it contains many 
historical contributions. In any case, Boncompagni’s Bulletlino 
was the first organ of the history of mathematics. It is a splendid 
collection, wherein a large number of ancient mathematical docu¬ 
ments were first published (see Indice di documenti inediti, vol. 
20, pp. 729-748)- 
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schqften und der Tecknik (Leipzig, 1909-22, 9 vols.; vol. 9, 1920- 
22, only 126 pp.). 

7. 1929. Quellen und Studien zur Geschichte der Mathemalik, 
Astronomie , und Physik. Edited by Otto Neugebauer, Julius Stenzel 
(1883-1935), and Otto Toeplitz (Berlin, 1929, etc.) and published 
in two sections: 

A. Quellen (vol. 1, 1930; vol. 3, in two parts, in 1935). 

B. Studien (vol. 1, 1929-31; vol. 3, in 1935). 

8. 1932. Scripla Malhtmalica. Edited by Jekuthiel Ginsburg 
(vol. i, New York, 1932-33; vol. 3 in 1935). 

9. 1936. Osiris. Studies on the history and philosophy of 
science and on the history of learning and culture. Edited by 
George Sarton. 

Vol. 1 (778 pp., 24 figs., 35 facs., 22 pis.) published in January, 
1936, and dedicated to David Eugene Smith, is a collection of 
38 papers on the history of mathematics. 

More information on some of these journals and on other 
journals will be found in G. Sarton, “ Soixante-deux revues et 
collections relatives a l’histoire des sciences,” in Isis, vol. 2, pp. 
132-161 (1914). 

The nine journals above mentioned might be divided into three 
groups according to their bibliographical interests. I. Journals 
attempting to give a complete bibliography of the history of 
mathematics: nos. 1, 3, 5. II. Journals containing bibliographi¬ 
cal information without system and without attempt at com¬ 
pleteness: nos. 4, 6, 8. III. No bibliography of current publica¬ 
tions: nos. 2, 7, 9. 

For the making of any bibliography of the history of mathe¬ 
matics, it will generally suffice to consult nos. 1, 3, 5, that is, 
Boncompagni for the period 1868-87, Enestrom for the period 
1884-1915, Sarton for the period beginning in 1913 or a little 
before. 

VIII. Centres of Research 
A. Academies of Science 

Every academy of science has a mathematical section or de¬ 
votes some attention to mathematics in its publications or other¬ 
wise. Academies organize competitions and promote mathe- 
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within its national boundaries. By the end of the century this 
was felt to be insufficient, and efforts were made to supplement 
these national organizations by international ones. The first 
two international congresses were: 

1. 1889. Paris. Congres International de Bibliographic des 
Sciences Math6matiques. 

2. 1893. Chicago. International Mathematical Congress. 

However, these two congresses are not counted in the official 
list of international congresses. 


I. 

1897. 

Zurich. 

2. 

1 goo. 

Paris. 

3- 

1904. 

Heidelberg. 

4. 

1908. 

Rome. 

5- 

1912. 

Cambridge. 


The sixth meeting, Stockholm, 1916, could not take place be¬ 
cause of the War. After the War, a new series of congresses was 
begun, the internationality of which was at first incomplete. 

1. 1920. Strasbourg. 

2. 1924. Toronto. 

3. 1928. Bologna. 

4. 1932. Zurich. 

5. 1936. Oslo. 

The Oslo congress is thus the fifth congress of the new series, 
or the tenth or twelfth congress of the whole series. 

Each of these congresses has devoted a part of its attention to 
the history and philosophy of mathematics, a special section be¬ 
ing generally reserved for these two subjects. It may be worth 
while for the historian to examine the publications of these con¬ 
gresses with special reference to their historical and philosophical 
questions. 

In addition, the literature of those congresses will be of great 
value to the later historian, because they will help him to de¬ 
termine the fluctuations of mathematical interests from year to 
year and the mathematical atmosphere of each definite period. 
Therefore the publications of the international congresses should 
be kept in good order in our historico-mathematical libraries. 

Questions relative to the history and philosophy of mathematics 
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mond Clare Archibald. The third is the collection of early math¬ 
ematical books gathered by George Arthur Plimpton in New 
York City. 

Among Asiatic libraries, the best is perhaps that of the Hebrew 
University in Jerusalem, into which the very valuable collections 1 
of the late Felix Klein are now incorporated. 

1 Books and periodicals, not reprints. To be more precise, there are two 
mathematical libraries in the Hebrew University, the Jewish National and 
University Library and the library of the Einstein Institute. Klein’s library 
is in the Einstein Institute. Letter from Adolf Fraenkel, Jerusalem 3511.21. 



APPENDIX 

Biographies of Modern Mathematicians 

As it is advisable for mathematicians who have historical 
tendencies to devote their attention chiefly to modem mathe¬ 
matics, I have compiled for their sake a list of some of the chief 
mathematicians of the nineteenth and twentieth centuries. I 
quote for each of them 

(1) the best available biographies; 

(2) editions of their collected works; 

(3) editions of their correspondence. 

These three items have been selected because they go together; 
in fact, they are sometimes parts of a single publication. The 
‘collected works’ are often restricted to the papers and memoirs 
which were originally scattered in various periodicals or remained 
unpublished; they may or may not also include treatises origi¬ 
nally published in book form. Thus the interest of ‘collected 
works’ varies very much in the case of different mathematicians, 
as some published their best writings in journals, while others 
gave the most convincing evidence of their genius in formal 
treatises. 

Aside from the fact that any selection of mathematicians is 
subject to criticism (no two historians of mathematics would offer 
the same selections, though a good many names would probably 
be found in every list), my bibliography is incomplete and superficial. 
It is incomplete because I have mentioned only the publications 
known to me and easily available; it is superficial because my 
selection of biographies is not based upon a direct study of all of 
them, which would occupy a life-time. 

In spite of these shortcomings (which may be gradually cor¬ 
rected) 1 I hope that my list, such as it is, will prove useful and 
stimulating. 

Living mathematicians have not been included. I have 
omitted Lagrange and Monge, who died respectively in 1813 
and 1818, because they are primarily eighteenth-century men, 

1 I shall be grateful to readers who are kind enough to send corrections, 
and these will be used as far as possible. 
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raphics not only of Germans but of many other people, Dutch¬ 
men, Belgians, Danes, Swiss, Poles, whom the editors saw fit to 
annex. 

The DNB was begun in 1885, and the last (63d) volume ap¬ 
peared in 1 goo. It has been reprinted in 21 volumes. A supple¬ 
ment in three volumes, published in 1901 and later reprinted in 
one volume, brought the series up to date to the end of the nine¬ 
teenth century; a second supplement, also in three volumes, pub¬ 
lished in 1912, contains the biographies of people who died from 
1901 to 1911; a third supplement covers the period 1912-21. 
The second and third supplements have been reprinted together 
under the title, The twentieth century D-K.B, with a cumulative in¬ 
dex. A ‘concise dictionary’ wherein the notices are reduced on 
an average to one-fourteenth of their full length was published in 
1917, and the supplements have been abbreviated in the same 
manner. 

The DAB began to appear in 1928 and is almost completed 
(vol. 18, to Trowbridge, 1936). 

There are other national biographies, too many to mention. 
Allow me to make an exception for the Biographic nationale of Bel¬ 
gium, the first volume of which appeared in 1866, now nearing 
completion (vol. 25 to Uyt, 1932). This is an excellent scries, of 
which greater nations might be proud. The French national 
biography ( Diclionnaire de biographic fran{aise) is still in its initial 
stage; the first volume began to appear in parts in 1933; the 
latest part I have seen is fascicle it, being the fifth of vol. 2, to 
Anjou (1935). 

The best way of beginning any biographical investigation is to 
turn to such a collection, if available. It is w'ell also to consult 
encyclopaedias (such as the Encyclopaedia Britannica, the Grande 
encyclopedic , the Enciclopedia ilaliana, the Encyclopaedia Judaica, etc.), 
the articles of which are sometimes signed and may include valu¬ 
able references and other hints. These are simply guide-posts; 
it is much w'iser to use them with due caution than to disregard 
them. It is advisable to consult first a national encyclopaedia 
(e.g., a Scandinavian for a Scandinavian; a Russian for a Rus¬ 
sian; a Greek for a Greek), in order to know a man’s reputation 
in his own country, and perhaps to obtain information of geo¬ 
graphical and genealogical interest and other information derived 











MODERN MATHEMATICIANS ‘7 V 

. .?■ ■. 

Souvenirs ePun Alsaden, 1858-1922 (Paris, 1923: 320 pp.), an 
autobiography. 

Cinquantenaire scientifique de P.A. (Paris, 1927: 47 pp., portr.). 
Aronhold, Siegfried (1819-84). Theory of invariants. 

Emil Lampe, Die nine Malhemalik in den Jahren 1884-1899: 
Nebst Actenslucken [pp. 33-48) zum Leben von S. A. (Berlin, 1899: 
48 pp., portr.). Note by Moritz Cantor in ADB, vol. 46, p. 58 
(1902). 

Babbage, Charles (1792-1871). Constructor of a mathematical 
machine, actuary, founder of the Statistical Society, 1834. 
Passages from the Life of a Philosopher (London, 1864: 512 pp., 
portr.), an autobiography. 

A. M. Clerke, in DNB, vol. 2, pp. 304-306 (1885). John 
Fyvie, “The Calculating ‘Philosopher,’” in his Some Literary Ec¬ 
centrics (London, 1906), pp. 179-209 (with portrait). Macfarlane, 
British Physicists, pp. 71-83. 

Bachmann, Paul (1837-1920). Theory of numbers. 

The fourth part of his monumental “Zahlentheorie,” "Die 
Arithmetik der quadratischen Formen,” the printing of which 
was posthumously completed in 1923, contains a portrait and a 
biographical sketch by Robert Haussner. See also Haussner’s 
Zum Gedachtnisse von Paul Bachmann in the second edition of the 
latter’s Grundlehren der neueren Zahlentheorie (Leipzig, 1921). Kurt 
Hensel: “Bachmann und sein Lebenswerk” ( Jahresbericht der 
deulschen Mathematiker-Vereinigung, vol. 36, pp. 31-73, 1927), in¬ 
cluding portrait and bibliography. 

Baire, Rene (1874-1932). Theory of functions, irrationals, con¬ 
tinuity, theory of aggregates. 

A. Buhl, in Enseignement mathematique, vol. 31, pp. 5-13 ( r 933)- 

Ball, Sir Robert Stawell (1840-1913). Theory of screws, dy¬ 
namics, mathematical astronomy. 

Reminiscences and Letters , edited by his son W. Valentine Ball 
(London, 1915: 424 pp.). Includes a study on R. B.’s mathe¬ 
matical papers by E. T. Whittaker. 

Barre de Saint-Venant, see Saint-Venant. 
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Erman (Leipzig, 1852, 2 vols.). Including short biographies of 
both. 

Betti, Enrico (1823-92). Algebraic equations, elliptic functions, 
mathematical physics, analysis situs. 

Vito Volterra, Saggi scientifici (Bologna, 1920), pp. 35, 55 ff. 
F. Enriques in Enciclopedia italiana, vol. 6, p. 834 (1930). 

Opera matematiche (Milano, 1903-13,2 vols.). With bibliography 
and portrait. 

Boltzmann, Ludwig (1844-1906). Mathematical physics, prin¬ 
ciples of mechanics. 

Festschrift L. B. gewidmet zum sechzigsten Geburtstage, ed. by Stefan 
Meyer (Leipzig, 1904: 942 pp., portr., 101 fig., 2 pi.). Anton 
Lampa, in Biographisches Jahrbuch, vol. 11, pp. 96-104 (1908). 
Johannes Classen, Vorlesungen tiber moderne Naturphilosophen, pp. 
108-128 (Hamburg, 1908). 

Wissenschaftliche Abhandlungen, ed. by Fritz Hasenohrl (Leipzig, 
1909, 3 vols.). Portrait in vol. 3. Populate Schriften (Leipzig, 
1905: 446 pp.). 

Bolyai de Bolya, Farkas (1775-1856), and his son B6 lyai, 
JAnos (1802-60). Non-Euclidean geometry. 

Franz Schmidt, “Aus dem Leben zweier ungarischer Mathe- 
matiker Johann und Wolfgang Bolyai von Bolya,” in Grunert’s 
Archiv der Mathemalik und Physik, vol. 48, pp. 217-228 (1868). In 
French in the Memoires of the Socidte des Sciences Physiques et 
Naturelles de Bordeaux, vol. 5, pp. 191-205 (1867), and in Janos 
B 61 yai, La science absolue de Pespace (Paris, 1868), pp. 7-21. Libellus 
post Saeculum quam I. B. . . . Claudiopoli nalus est ad celebrandam 
Memoriam eius Immorlalem, ed. by Ludwig Schlesinger (Cluj, 1902; 
170 pp., facs.). Ludwig Schlesinger, “Neue Beitrage zur Bio¬ 
graphic von Wolfgang und Johann Bolyai,” in Bibliotheca Mathe¬ 
matical 3d series, vol. 4, pp. 260-270 (1903). Ludwig Schlesinger, 
“Johann Bolyai: Festrede,” in Deutsche Mathematiker-Vereini- 
gung, Jahresbericht, vol. 12, pp. 165-194 (1903)- Wolfgang and 
Johann Bolyai, Geomelrische Untersuchungen, ed. by Paul Stackel 
(Leipzig, 1913). 1. Leben und Schriften der beiden B. 11. 
Stiicke aus den Schriften der beiden B. 
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Cantor, Georg (1845-1918). Theory of aggregates. 

Adolf Fraenkel, “ G. C.,” in Deutsche Mathematiker Vereini- 
gung, Jahresbericht, vol. 39, pp. 189-266 (1930), with portrait, 
also in Encyclopaedia Judaica, vol. 5, pp. 28-29 (1930). Prasad 
(*934). PP-183-211. 

Gesammelle Abhandlungen: Mit Anmcrkungcn sowt'e mil Erganzungen 
aus dem Briefwechsel Cantor-Dedekind, ed. by Ernst Zermelo (Berlin, 
1932: 494 pp., ports-.). Includes a biography by Adolf Fraenkel. 
See also Isis, vol. 3, p. 343. 

Carnot, Lazare (1753-1823). Geometry of position (1803), 
principles of analysis and mechanics. 

Obituary by Arago; English translation in Biographies of Dis¬ 
tinguished Scientific Men (1857), pp. 287-361. Mathieu Noel 
Rioust, C. (Gand, 1817). First printed in Paris, 1817, and sup¬ 
pressed by the police, reprinted in Brussels, then in Ghent, in the 
same year. Wilhelm Korte, Das Leben L. N. M. Carnots: Mit 
einem Anhange enthaltend die ungedruckten Poesien Carnots (Leipzig, 
1820: 4go pp.). Hippolyte Carnot (1801-88), Memoires sur C. 
par son fils (Paris, 1861-63, 2 vols.). Includes a bibliography; the 
covers are dated 1869! New edition (Paris, 1893, 2 vols.). Cen- 
tenaire de L. C., notes el documents inedils (Paris, 1923). Includes a 
bibliography and portraits. Cf. Isis, vol. 3, p. 116; vol. 4, p. 594. 

Correspondence generate (1792-95], ed. by Etienne Charavay 
(1892-1907, 4 vols.). This, of course, is chiefly political. 

Cauchy, Augustin (1789-1857). Reorganization of analysis. 

Claude Alphonse Valson, La vie et les travaux du baron C. (Paris, 
1868, 2 vols.). F. J. StudniCka, C. als formaler Begrunder der De- 
terminantentheorie (Prag, 1876: 40 pp.). Notice by Joseph Ber¬ 
trand, read at the Academie des Sciences, 1898, and reprinted in 
his JEloges academiques, nouvelle serie, pp. 101-120 (Paris, 1902). 
Philip E. B. Jourdain, “The Origin of C.’s Conceptions of a Defi¬ 
nite Integral and of the Continuity of a Function,” in Isis, vol. 1, 
pp. 661—703 (1914). Ruth Struik and D. J. Struik, “C. and Bol¬ 
zano in Prague,” in Isis, vol. 11, pp. 364-366 (1928). Maurice 
d’Ocagne, Hommes et chases de science (Paris, 1930), pp. 111—125. 
Prasad (1933), pp. 68-110. 
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Clebsch, Alfred (1833-72). Theory of curves and surfaces, 
geometrical applications of Abelian functions, invariants, 
representation of one surface upon another, mathematical 
physics. 

Obituary by C. Neumann in the Gottingen Gesellschaft der 
Wissenschaften, Nachrichten, 1872, pp. 550-559. 

Vorlesungen iiber Geometric, ed. by Ferdinand Lindemann (Leip¬ 
zig, 1876-91, 2 vols.; revised ed., 1906-32). French translation 
by Adolphe Benoist (Paris, 1879-83, 3 vols.). 

Clerk-Maxwell, see Maxwell. 

Clifford, William Kingdon (1845-79). Synthetic geometry, 
metaphysics, philosophy of science. 

Leslie Stephen, in DNB, vol. si, pp. 82-85 (1887). Macfar- 
lane, British Mathematicians, pp. 78-91. 

Lectures and Essays, ed. by Leslie Stephen and Frederick Pollock 
(London, 1879, 2 vols., portr.). Including a short biographical 
sketch. Mathematical Fragments, being Facsimiles of his Unfinished 
Papers Relating to the Theory of Graphs (lithographed, London, 
1881). Mathematical Papers, ed. by Robert Tucker (London, 
1882: 728 pp.). With introduction by H. J. §. Smith. 

Cournot, Antoine Augustin (1801-77). Probabilities, pioneer 
application of mathematics to political economy, history and 
philosophy of mathematics and of science. 

Souvenirs eTA. Cournot, 1760-1860; pr(cedes (Tun introduction par 
E. P. Botlinelli (Paris, 1913: 302 pp.). 

Special number of the Revue de metaphysique et de morale (May, 
1905) devoted to him. Gaston Milhaud, “Le hasard chez 
Aristote et chez C.,” “La raison chez C.,” in his Eludes sur la 
pensee scienlifique chez les Grecs et chez les modernes (Paris, 1906), pp. 

1 37-176. Francois Mentr£, C. et la renaissance du probabilisme au 
XIX‘ siecle (Paris, 1908: 658 pp.). J. Segond, C. et la psychologic 
vitaliste (Paris, 1910). Georges Loiseau, Les doctrines economiques 
de C. (Paris, 1913). E. P. Bottinelli, A. C., metaphysicien de la 
connaissance (Paris, 1913). F. Y. Edgeworth, in Palgrave’s Dic¬ 
tionary of Political Economy, vol. 1, pp. 445~447 ( I 9 2 5 )- F. Mentre, 
Pour qu'on lise Cournot (Paris, 1927). Lilly Hecht, A. C. und, L. 
Walras (Heidelberg, 1930: 93 pp-)- R- Ruyer, Vhumanite de 
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Scientific papers (Cambridge, 1907-16, 5 vols.). Vol. 5 includes 
biographies by Sir Francis Darwin and E. W. Brown and portrait. 

Dedekind, Richard (1831-1916). Theory of irrationals. 

Festschrift zur Feier des siebzigsten Geburtstages von R. D. (Braun¬ 
schweig, igoi: 254 pp.). Isis, vol. 4, p. 163. 

Gesammelte mathcmatische Werke, ed. by Robert Fricke, Emmy 
Noether, Oystein Ore (Braunschweig, 1930-32, 3 vols.). 

De Morgan, Augustus (1806-71). Algebra, mathematical logic. 

Memoir of A. D. M. by his wife Sophia Elizabeth De Morgan, with 
Selections from his Letters (London, 1882: 432 pp., portr.). Leslie 
Stephen, in DNB, vol. 14, pp. 331-334 (1888). Macfarlane, 
British Mathematicians, pp. 19-33. 

Dirichlet, Gustav Lejeune (1805-59). Theory of numbers, 
definite integrals, Fourier series, attraction of ellipsoids. 

E. E. Kummer, “ Gedachtnissrede auf Gustav Peter Lejeune 
Dirichlet,” in Akademie der Wissenschaften zu Berlin, Abhand- 
lungen, 1861, pp. 1-36. M. Cantor, in ADB, vol. 5, pp. 251-252 
(1877). 

Werke, ed. by L. Kronecker and L. Fuchs (Berlin, 1889-97, 2 
vols.). “Briefwechsel zwischen G. L.D. und Leopold Kronecker,” 
ed. by Ernst Schering, in Gottingen Gesellschaft der Wissen¬ 
schaften, Nachrichten, 1885, pp. 361-382. “ Correspondance entre 
Liouville et Dirichlet,” ed. by Jules Tannery, in Bulletin des 
sciences maihemaliques, deuxieme s6rie, vol. 32, pt. 1, pp. 47-62, 
88-95 (1908); vol. 33, pt. 1, pp. 47-64 (1909). 

Edgeworth, Francis Ysidrd (1845-1926). Probabilities, eco- 
nometry, ‘mathematical psychics.’ 

A. L. Bowley, F. T. Els Contributions to Mathematical Statistics 
(London, 1928: 146 pp.). A. L. Bowley, “F. Y. E.,” in Econo- 
metrica, vol. 2, pp. 113-124, with portrait (1934). 

Papers Relating to Political Economy (London, 1925, 3 vols.). 

Ekenstein, Gotthold (1823-52). Theory of numbers, elliptic 
functions. “There have been only three great mathemati¬ 
cians, Archimedes, Newton, and Eisenstein!” Who said that? 
Gauss! 
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Fresnel, Augustin (1788-1827). Wave theory of light, optical 
surfaces. 

Notice by Arago, read in 1830; in English in Biographies of 
Distinguished Scientific Men (1857), pp. 399-471. Emile Picard, 
Ccremonie du cenlenaire de la mart de Fresnel (Paris, 1927: 35 pp.). 
Louis de Broglie, Recueil ePexposes sur les ondes el corpuscules (Paris, 
193°). PP- 1-26. 

Oeuvres computes , ed. by Henri de Senarmont, Emile Verdet, 
and Leonor Fresnel (Paris. 1866-70, 3 vols.). Isis, vol. 4, p. 155; 
vol. 9, p. 170. 

Fuchs, Lazarus (1833-1902). Linear differential equations. 

Gesammelte mathematische Werke, ed. by Richard Fuchs and Lud¬ 
wig Schlesinger (Berlin, 1904-09, 3 vols., portr.). 

Galois, Evariste (1811-32). Groups of substitution. 

Paul Dupuy, “La vie d’E. G.,” in Annales de I’Ecole Normals 
Superieure, 3' s£rie, vol. 13, pp. 197-266 (1896), with portrait. 
Reprinted in Charles P6guy’s Cahiers de la quinzaine, 5* s6rie, 2* 
cahier, 104 pp., with portrait (Paris, 1903). Abbreviated in Eng¬ 
lish by G. Sarton in the Scientific Monthly, vol. 13, pp. 363-375 
(New York, 1921). 

Oeuvres malhemaliques, ed. by Emile Picard (Paris, 1897: 74 pp.). 
“ Manuscrits et papiers in£dits de G.,” ed. by Jules Tannery, in 
Bulletin des sciences malhemaliques, deuxifeme serie, vol. 30, pt. r, 
pp. 226-248 (1906); vol. 31, pt. 1, pp. 275-308 (1907). 

Gauss, Carl Friedrich (1777-1855). 

Wolfgang Sartorius, G. zum Gcdachtniss (Leipzig, 1856). 
Adolphe Quetelet, Sciences malhemaliques et physiques chez les Beiges 
(Bruxelles, 1866), pp. 643-655. F. A. T. Winnecke, G., ein Umriss 
seines Lebens und Wirkens (Braunschweig, 1877). Theodor Witt- 
stein, G. (Hannover, 1877). Ernst Schering, G?s Geburtstag nach 
hunderljahriger Wiederkehr (Gottingen, 1877: 40 pp.). Ludwig 
Hanselmann, K. F. G., zwolf Kapitel aus seinem Leben (Leipzig, 
1878: 110 pp.). Festschrift zur Feier der Enthullung des Gauss-Weber- 
Denkmals in Gottingen (Leipzig, 1899: 204 pp.). Felix Klein and 
others, Materialien fur eine wisscnschaflliche Biographic von G. (Leip¬ 
zig, 1911-20, 8 vols.; cf. Isis, vol. 4, p. 154)- Heinrich Mack, 
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Gopel, Adolf (1812-47). Abelian and theta functions. 

M. Cantor, in ADB, vol. 9, p. 370 (1879). Short notes by 

G. G. J. Jacobi and A. L. Crelle in Crelle’s Journal Jiir die reine und 
angewandte Maihematik, vol. 35, pp. 313-318 (1847), reprinted in 
the German translation of Gopel’s Theoriae transcendenlium Abeli- 
anarum primi ordinis adumbratio levis (1847) in Ostwald’s Klassiker 
der exaklen Wissenschaften, no. 67 (Leipzig, 1895: 60 pp.), 
pp. 52-58. 

Gordan, Paul (1837-1912). Theory of invariants. 

Giovanni Lampariello, in Enciclopedia italiana, vol. 17, p. 547 

0933)- 

Grassmann, Hermann (1809-77). Ausdehnungslehre. 

Victor Schlegel, H. G., sein Leben und seine Werke (Leipzig, 
1878), with a bibliography. Moritz Cantor and August Leskien, 
in ADB, vol. 9, pp. 595-598 (1879). 

Gesammelle maihemalische und physikalische Werke (Leipzig, 1894- 
1911,3 vols. in 6). The second part of vol. 3 contains a biography 
by Friedrich Engel (1911) and a bibliography of Grassmann’s 
published and unpublished writings. 

Green, George (1793-1841). Potential function, theory of elec¬ 
tricity and magnetism. 

Max Bacharach, Abriss der Geschichte der Potentiallheorie (Gottin¬ 
gen, 1883: 78 pp.). G. J. Gray, in DNB, vol. 23, pp. 42-43 
(1890). 

Mathematical Papers, ed. by Norman Macleod Ferrers (London, 
1871: 346 pp.). Including a brief memoir by the editor. 

Halphen, Georges Henri (1844-89). Geometry of curves and 
surfaces, elliptic functions. 

Leon Sagnet, in Grande encyclop'edie, vol. 19, pp. 778-779 (1894). 

H. Poincare, Savants et ecrivains, pp. 125-140. Emile Picard, 
Melanges de mathematiques et de physique, pp.^1-1 r. 

Oeuvres , ed. by C. Jordan, H. Poincare, E. Picard, with the help 
of E. Vessiot (Paris, 1916-24, 4 vols.). 
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don, 1894, reprinted from the Electrician: 58 pp., portr.). Richard 
Manno, H. Ji. fur die Willensfrciheit? Eine krilische Studie iiber 
Mechanismtis und Willensfreiheit (Leipzig, 1900: 72 pp.)* Rob. 
Knott, in ADB, vol. 50, pp. 256-259 (1905). Johanna Hertz, 
H. H., Erinnerungen, Briefe, Tagebucker (Leipzig, 1927: 270 pp., 
10 pi.). 

Gesammelle Werke (Leipzig, 1894-95, 3 vols.). Gesammelte Ab- 
handlungen (Leipzig, 1905). Miscellaneous Papers (London, i8g6). 
Hesse, Ludwig Otto (1811-74). Analytic and synthetic geome¬ 
try, theory of surfaces, and invariants (‘Hessian’). 

Gustav Bauer, Geddchlnissrede auf 0 . H, (Munchen, 1882: 36 
pp.). G. W. Borchardt, “O. H.,” in Journal fur die reine und 
angewandte Mathemalik, vol. 79, pp. 345-347 (1875). F. Klein, 
“O. H.,” in Polytechnische Schulc, Munich, Bericht, 1875, pp. 
46-50. M. Noether, “O. H.,” in Zeitschrifl fur Mathematik und 
Phjsik, vol. 20, hist.-lit. Abthcilung, pp. 77-88 (1875). M. 
Cantor in ADB, vol. ta, pp. 306-307 (1880). 

Gesammelle Werke (Munchen, 1897: 740 pp.). With biography, 
bibliography, and portrait. 

Hill, George William (1838-1914). Celestial mechanics, 
lunar theory. 

E. W. Brown, in DAB, vol. 9, pp. 32-33 (1932). 

Collected Mathematical Works (Washington, 1905-07, 4 vols.). 
Biography by H. Poincarfi, portrait. 

Ivory, Sir James (i 765-1842). Gravitational attraction of ellip¬ 
soids, refraction of light. 

R. E. Anderson, in DNB, vol. 29, p. 82 (1892). 

Jacobi, Carl Gustav Jacob (1804-51). 

Leo Konigsbergcr, C.G.J.J. (Leipzig, 1904: 572 pp., portr.). 
Wilhelm Ahrens, “Ein Beitrag zur Biographic C. G. J. Jacobis,” 
in Bibliotheca Malhematica, 3d series, vol. 7, pp. 157-192 (1906); 
and J. als Poliliker (Leipzig, 1907: 45 pp.). Ahrens’s second 
paper is only an enlarged edition of .the first. Prasad (1933), 
pp. 166-219. 

Viri Doclissimi Clarissimi nuper defuncti C. G. J. Jacobii Catalogus 
Librorum qui Preliis appositis vendunlur ab A. Asher & Co., Berolini 
(Paris, 1851: 43 pp.). 
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Kirchhoff, Gustav (1824-87). Mathematical physics. 

Ludwig Boltzmann, Populare Schrijlcn (Leipzig, 1905), pp. 51- 
75. W. Voigt, Z um Gedachlniss von G. K. (Gottingen, 1888: 10 pp.). 
R. Knott, in ADB, vol. 51, pp. 165-167 (1906). 

Gesammelte Abhandlungen (Leipzig, 1882), with portr. Nachtrag 
to the same, ed. by Ludwig Boltzmann (Leipzig, 1891). 

Klein, Felix (1849-1925). 

“ Lebensbilder von eigener Hand,” in Universitatsband, Got¬ 
tingen, Mitteilungen, vol. 5, pp. 11-36 (1923). Richard Courant, 
“ F. K. als wissenschafdicher Fiihrer,” in Gottingen Gesellschaft 
der Wissenschaften, Nachrichten, Geschaftliche Mitteilungen, 
1925-26, pp. 39-46. Prasad (1934), pp. 245-277. 

Gesammelte mathematische Abhandlungen , ed. by Robert Fricke and 
A. Ostrowski (Berlin, 1921-23, 3 vols., portr.). 

Kovalevskaia, Sofia Vasilevna (1850-91). Dynamics. 

Sonya Kovalivsky: Her Recollections of Childhood, tr. from the Rus¬ 
sian by Isabel F. Hapgood: with a Biography by Anna Carlotta 
Leffler, Duchess of Cajanello, tr. from the Swedish by A. M. 
Clive Bayley (New York, 1895: 326 pp., portr.). Both auto¬ 
biography and biography are excellent. G. Mittag-Leffler, 
“ Weierstrass et Sonja Kowalewsky,” in Acta Malhemalica, vol. 39, 
pp. 133-198 (1923). A. Borisiak, Vladimir Onufrievich Kovaleoskii 
(135 pp.. Academy of Sciences, Leningrad, 1928). Biography of 
Sofia’s husband (Isis, vol. 12, p. 387). 

Kronecker, Leopold (1823-91). Arithmetization of analysis, 
theory of functions, elliptic functions. 

G. Frobenius, “Gedachtnissrede,” in Berlin Akademie der 
Wissenschaften Abhandlungen, 1893. Heinrich Weber, “L. K.,” 
in Mathematische Annalen, vol. 43, pp. 1-25 (1893). M. Cantor, in 
ADB, vol. 51, pp. 393-395 (19 06 )- Prasad (1934), pp. 60-93. 

Werke, ed. by Kurt Hensel (Leipzig, 1895-1931, 5 vols.). 
Vorlesungcn iiber Malhemalik (Leipzig, 1894-1903, 2 vols.). 
Kummer, Ernst Eduard (1810-93). Theory of numbers, ideal 
numbers. 

Emil Lampe, “Nachruf fur E. E. K.,” in Deutsche Mathe- 
matiker-Vereinigung, Jakresbericht, vol. 3, pp. 13-28 (1894). M. 
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hagen, 1929, pp. 166-174). C. D. Heilman, “Legendre and the 
French Reform of Weights and Measures,” in Osiris, vol. r, pp. 
314-340, 2 facs. (1936). 

“ Correspondance mathematique entre Legendre et Jacobi,” 
in Journal Jut die reine und angewandte Mathcmalik, vol. 80, pp. 205- 
279 (1875). 

Lejeune-Dirichlet, see Dirichlet. 

Lemoine, Emiee (1840-1912). New triangle geometry, ‘geome- 
trography.’ 

A. Laisant, in Grande encyclopedic, vol. 21, p. 1197 (1895). 

Leverrier, Urbain Jean Joseph (1811-77). Celestial me¬ 
chanics. 

B. Quaranta, Monumenlum Urbard Leverrier (Paris, 1846). Charles 
Emmanuel, Religion et tolerance de Le V. (Paris, 1865). Barthelemy 
Aoust, Le V., sa vie et ses travaux (Marseille, 1877). Joseph ^Ber¬ 
trand, Eloge historique de Le V. (Paris, 1879; reprinted in Eloges 
(1890), pp. 159-192). F. Tisserand, “Travaux de L. V.,” in 
Annales de Tobservatoire, vol. i5(Paris, 1880). Louis Brault, “ Le V. 
meteorologiste,” in Revue scientijiquc, vol. 25, pp. 944-948 (1880). 
Academie des Sciences, Centenaire de la naissance de U. J. J. Le V. 
(Paris, 1911: 128 pp., 5 pi., facs.). 

Lie, Sophus (1842-99). Groups of transformation, differential 
equations. 

Felix Klein, Lectures on Mathematics (New York, 1894), pp. 9-24. 
Friedrich Engel, “S. L.,” in Sachsische Gesellschaft der Wissen- 
schaften, Berichle, math.-phys. Classe, vol. 51, pp. xi-lxi (1899); 
“S. L.,” in Deutsche Mathematiker-Vereinigung, Jakresberichl, 
vol. 8, pp. 30-46 (1900); “S. L.: Ausfuhrliches Verzeichnis 
seiner Schriften,” in Bibliotheca Mathcmalica, 3d series, vol. 1, pp. 
166-204, portr. (1900). M. Noether, “S. L.,” in Mathematische 
Annalen, vol. 53, pp. 1-41 (1900). M. Cantor, in ADB. vol. 51, 
pp. 695-698 (1906). Alf Guldberg, “Verzeichnis uber den wis- 
senschaftlichen Nachlass von S. L.,” in Danske Videnskabernes 
Selskab, Shifter , nat. og math. Afdeling, 1913, no. 5 (44 pp.). 

Gesammelle Abhandlungen, ed. by Friedrich Engel and Poul 
Heegaard (Leipzig, 1922-35, 6 vols.). I have seen vol. 1 in 2 
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Maxwell, James Clerk (1831-79). Mathematical physics, 
electromagnetic theory. 

Lewis Campbell and William Garnett, The Life of J. C. M. 
(London, 1882, 678 pp., 3 portr.; new ed., abridged and re¬ 
vised, London, 1884, 436 pp.). Sir Richard Tedey Glazebrook, 
J. C. M. and Modern Physics (New York, 1896: 224 pp.). A Com¬ 
memoration Volume, J. C. M. 1831—1331 (Cambridge, 1931: 152 
pp., portr.); cf. Isis, vol. 21, p. 400. 

Scientific Papers, ed. by Sir William Davidson Niven (Cambridge, 
1890, 2 vols.; photographic reprint, 1927). Includes a brief 
biographical sketch and a portrait. 

M£ray, Charles (1835-19x1). Theory of irrationals. 

Joseph Pionchon, “Notice sur la vie et les travaux de C. M.,” 
in Revue bourguignonne, vol. 22, pp. 1-158 (Dijon, 1912). 

Minkowski, Hermann (1864-1909). Relativity, mathematical 
physics. 

David Hilbert, “H. M.: Gedachtnisrede,” in Gottingen 
Gesellschaft der Wissenschaften, Nachrichten, Geschaftliche Mit- 
teilungen, 1909, pp. 72-101. 

Gesammelte Abhandlungen, ed. by David Hilbert (Leipzig, 1911, 
2 vols.). 

Mittag-Leffler, Gosta (1846-1927). Theory of functions. 
Prasad (1934), pp. 212-244, portr. 

For the Mittag-Leffler Institute, see above at the end of the 
Bibliography, Section VIII, D. 

Mobius, August Ferdinand (1790-1868). Barycentrical cal¬ 
culus. 

Heinrich Gretschel, “A. F. M.,” in Archiv der Malkematik und 
Physik, vol. 49, Literarischer Bericht clxxxxv, pp. 1-9 (1869). 
M. Cantor, in ADB, vol. 22, pp. 38-43 (1885). 

Gesammelte Werke (Leipzig, 1885-87, 4 vols.). There is a short 
biographical sketch by R. Baltzer in vol. 1. 

Neumann, Franz (1798-1895). Spherical functions, mathemati¬ 
cal physics, crystallography. 

Paul Volkmann, F. N. (Leipzig, 1896: 74 pp., portr.). Luise 
Neumann, F. N.: Erinnerungsblatter von seiner Tochter (Tubingen, 
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“P. L.,” in Les cabins rationalislcs , no. 26, pp. 230-260 (1933). 
Germaine Andre Hesse, P., grand savant, grand citaycn (Paris, 
1933: 246 pp.). 

Peacock, George (1791-1858). Foundations of algebra. 

J. Willis Clark, in DNB, vol. 44, pp. 138-140 (1895). Mac- 
farlane, British Mathematicians , pp. 7-18. 

Peirce, Benjamin (1809-80). Linear associative algebra. 

R. C. Archibald, B. P., i8og-i88o (Obcrlin, 1925: 34 pp.). 
The same, in DAB, vol. 14, pp. 393-397 (1934). 

A considerable quantity of Peirce’s manuscripts and corre¬ 
spondence is preserved in the archives of the American Academy 
of Arts and Sciences in Boston. 

Pfaff, Johann Friedrich (1765-1825). Differential equations. 
Moritz Cantor, in ADB, vol. 25, pp. 592-593 (1887). 

Plucker, Julius (1801-68). Analytic and infinitesimal geometry, 
analytic formulation of the principle of duality, foundation 
of modem analytic geometry. 

Adolf Dronkc, J. P. (Bonn, 1871: 31 pp.). Alfred Clebsch, 
“Zum Gedachniss an J. P.,” in Gottingen Gesellschaft dcr Wis- 
scnschaftcn, Abhandlungen, vol. 16, Math. Classc (1871: 40 pp.). 
French translation, with additions by P. Mansion, in BulUttino 
di bibliografia e di storia delle scienze malematiche e fisiche, vol. 5, pp. 
183-212 (1872). Gustav Karstcn, in ADB, vol. 26, pp. 321-323 
(1888). Wilhelm Ernst, J. P. (Bonn, 1933: go pp.). 

Gcsammclle wissenschajtliche Abhandlungen, ed. by Arthur Schoen- 
flies and Friedrich Pockcls (Leipzig, 1895-96, 2 vols.). The 
memoir by Alfred Clebsch is included in vol. 1. 

Poincar£, Henri (1854-1912). Theory of functions, Fuchsian 
and Abelian functions, differential equations, celestial me¬ 
chanics, mathematical physics, philosophy of science. 

Ernest Lebon, H. P. (Paris, 1909, 88 pp.,portr.; 2ded., 1912, 

115 pp.). Edouard Toulouse, H. P. (Paris, 1910: 204 pp.). Robert 
d’Adh&nar, H. P. (Paris, 1912, 41 pp.; 2d ed., 1914, 64 pp.). 
George Sarton, “ H. P.,” in del el lerre; Bulletin de la Societe beige 
d'astronomie (1913: 25 pp., portr.). Includes intimate details not 
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Rankine, William John Macquorn (1820-72). Thermody¬ 
namics, molecular physics. 

G. C. Boasc, in DNB, vol. 47, pp. 290-292 (1896). Macfarlane, 
British Physicists, pp. 22-37. Sir James Blacklock Henderson, 
M. R. (Glasgow, 1932: 28 pp.). 

Miscellaneous Scientific Papers, cd. by William J. Millar (London, 
1881: 603 pp., portr.). With a memoir by P. G. Tait. 

Rayleigh, Lord (John William Strutt, third Baron Ray¬ 
leigh) (1842-1919). Mathematical physics, chiefly acous- 

Robert John Strutt (the present, fourth, Baron Rayleigh), The 
Life of J. W. S., Third Baron Rayleigh (London, 1924); cf. Isis, 
vol. 8, pp. 177-181. 

Scientific Papers (Cambridge, 1899-1920, 6 vols.). 

Riemann, Bernhard (1826-66). Differential and integral equa¬ 
tions, principles of geometry, non-Euclidean geometry. 
Heinrich Burkhardt, B. R. (Gottingen, 1892: 12 pp.). Felix 
Klein, R. und seine Bedeutungfiir die Entwicklung der modernen Mathe- 
matik (Leipzig, 1894: 18 pp.). Prasad (1933), pp. 291-344. 

Gesammellc mathemalischt Werke und wissenschajRicher Nachlass, ed. 
by Heinrich Weber (1st ed., 1876; 2d ed., Leipzig, 1892,568 pp., 
portr.). With a biography by Richard Dedekind. Nachlrdge, cd. 
by M. Noether and W. Wirtingcr (Leipzig, 1902: 124 pp.). 
French translation of the greatest part by L. Laugel (Paris, 1898: 
488 pp.). 

Rosenhain, Johann Georg (1816-87). Double theta functions. 

M. Cantor, in ADB, vol. 29, p. 209 (1889). 

Ruffini, Paolo (1765-1822). Theory of equations. 

Heinrich Burkhardt, “Die Anfange der Gruppentheorie und 
P. R.,” in Abhandlungen zur Geschichte der mathemalischen Wissen- 
schaflen, Heft 6, pp. 119-159 (1892). E. Bortolotti, Influenza 
dell opera matcmatica di P. R. (Modena, igo2: 57 pp.). 

Opere malematiche, ed. by Ettore Bortolotti (Palermo, 1915- )• 
“Carteggio di P. R. con alcuni scienziati del suo tempo,” ed. 
by Ettore Bortolotti, in Society Italiana delle Scienze, Memorie, 
3 serie, vol. 14, pp. 291-325 (igo6). 
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dargestellt (Berlin, 1899: 70 pp., portr.). Emil Lampe, “Zur 
Biographie von J. S.,” in Bibliotheca Malhematica, 3d series, vol. 1, 
pp. 129-141 (1900). 

Gesammelte Werke, ed. by Karl Weierstrass (Berlin, 1881-82, 
2 vols.). 

“Briefwechsel zwischen J. S. und L. Schlafli” (208 pp.), ed. by 
J. H. Graf, in Naturforschende Gesellschaft, Bern, Mitiheilungen 
(1896). 

Stokes, Sir George Gabriel (1819-1903). Mathematical 
physics. 

Sir Joseph Larmor, in DNB, 2d sup., vol. 3, pp. 421-424 (1912). 
Macfarlane, British Physicists, pp. 94-105. 

Mathematical and Physical Papers (Cambridge, 1880-1905, 5 vols.). 
Includes obituary by Lord Rayleigh in vol. 5 and portraits. Me¬ 
moir and Scientific Correspondence, ed. by Sir Joseph Larmor (Cam¬ 
bridge, 1907, 2 vols.). Biographical notes and appreciations by 
various hands, portraits. 

Sylow, Ludvig (1832-1918). Substitution groups. 

Helge Bergh Kragemo, Ludvig Sylow (Oslo, 1933, in Nonvegian: 
27 pp.). 

Skrifiter (1933), including biography, bibliography, portrait. 

Sylvester, James Joseph (1814-97). Invariants, theory of equa¬ 
tions, theory of numbers, multiple algebra. 

Fabian Franklin, An Address Commemorative of J. J. S. (Balti¬ 
more, 1897: 15 pp-). P- A. MacMahon, in Royal Society of 
London, Proceedings, vol. 63, pp. ix-xxv, with portr. (i8g8). P. E. 
Matheson and E. B. Elliott, in DNB, vol. 55, pp. 258-260 (1898). 
Macfarlane, British Mathematicians, pp. 107-121. David S. Blond- 
heim, A Brilliant and Eccentric Mathematician (Baltimore, 1921: 22 
pp.). Emile Picard, Melanges de mathematiques et de physique, pp. 
29-34 (1924). R. G. Archibald, "Unpublished Letters ofj. J. S. 
and other New Information concerning his Life and Work,” in 
Osiris 1, pp. 85-154 (1936). D. E. Smith, in DAB, vol. 18, pp. 
256-257 (1936)- 

Collected Mathematical Papers, ed. by H. F. Baker (Cambridge, 

1904-12, 4 vols.). With biographical notice and portrait in vol. 4. 
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It would be interesting to name these 118 mathematicians in 
chronological order. A rough way of doing this is to name them 
in order of their death years; their main activities may not have 
occurred exacdy in the same order, but at any rate the death 
year is a superior limit of the activity of each person. 


1822 Ruffini 

1823 L. Carnot 
1825 Pfaff 
1827 Fresnel 

Laplace 
i82g Abel 

1830 Fourier 

1831 Germain 

1832 Galois 

1833 Legendre 

1840 Olbers 
Poisson 

1841 Green 

1842 Ivory 

1846 Bessel 

1847 Gopel 
MacCullagh 

1848 Bolzano 

1851 Jacobi 

1852 Eisenstein 

1855 Gauss 

1856 F. Bolyai 
Lobachevskii 

1857 Cauchy 

1858 Peacock 

1859 Dirichlet 
Poinsot 

1860 J. Bolyai 

1863 Steiner 

1864 Boole 

1865 Encke 
Hamilton 

1866 Riemann 


1867 Poncelet 
Staudt 

1868 Mobius 

, Fliicker 

1870 Lame 

1871 Babbage 
De Morgan 

' 1872 Clebsch 
Rankine 

1874 Hesse 

1877 Cournot 

Grassmann 

Leverrier 

1879 Clifford 
Maxwell 

1880 Bellavitis 
Chasles 
Borchardt 
B. Peirce 

1882 Jevons 
Liouville 

1883 H.J.S, Smith 

1884 Aronhold 

1886 Laguerre 
Oppolzer 
Saint-Venant 

1887 Kirchhoff 
Rosenhain 

1888 Clausius 

1889 Halphen 

1891 Kovalevskaia 

Kronecker 
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Any competent person glancing through my list will become 
more fully aware of the almost incredible richness and complexity 
of modern mathematics. One may object that I have increased 
that complexity by including a number of physicists and as¬ 
tronomers who did a good deal of mathematical work but were 
not pure mathematicians. I did it because it is essential that 
mathematicians should be made to realize the fundamental im¬ 
portance (even from their point of view) of applied mathematics. 
This should be the first great lesson of the history of mathematics. 
There are many currents of influence connecting the various 
branches of pure mathematics with the various branches of ap¬ 
plied mathematics; each current may flow in either direction; 
it may be interrupted for a time, but many of them are always 
flowing in one way or another, and no interruption should be 
considered final. Every mathematician is influenced by some of 
these currents, whether he realizes it or not, but it is better for 
him to realize it, and to trace each influence to its very source. 

Mathematical students interested in the history of their subject 
would do well to begin with reading a few biographies. They 
would naturally select the biographies of the mathematicians in 
whom they are most interested and whom they have learned to 
know and to admire above all others. My list may help them in 
this, but if they try to use it, they may be disappointed. Indeed 
the number of full-size biographies is relatively small. We have 
biographies of Abel, B 61 yai, Lobachevskii, Cauchy, De Morgan, 
Hamilton, Jevons, Kelvin, Maxwell, Rayleigh, Tait, Encke, 
Grassmann, Helmholtz, Jacobi, Olbers; and to these might be 
added a few autobiographies, by Cournot, Appell, Airy, Babbage, 
Ball, Newcomb, and Sofia Kovalevskaia. That is not very much. 
The list of mathematicians whose life has never been told with 
any detail is considerably longer. Moreover, these few full- 
length biographies are not always all that they should be. 
Cauchy’s, for example, is very insufficient. 

This may be disappointing, but it is also stimulating, for it re¬ 
veals once more the immensity of the work remaining to be done. 
Think that we are still lacking a satisfactory biography of Gauss, 
one of the greatest heroes of mankind! And yet there is no lack of 
documents, but on the contrary an abundance of them. In addi¬ 
tion to his works, we have no less than eleven volumes of letters, 
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A copy of Laplace’s works is given to the ranking student of 
each promotion of the IScole Polytechnique. A princely gift in¬ 
deed, and one well calculated to rouse and inflame a zeal for 
mathematics, and perhaps also for the history of the subject. 1 
Few students can afford to buy a set of Laplace’s works, but 
many other sets of collected works, being much smaller, can be 
obtained at reasonable prices and constitute an incomparable 
possession. A student owning a good biography and the collected 
works of a mathematician can begin and continue at leisure a 
deep study of his thought and fate. The reading of monographs 
will give him a more intimate contact with the realities and crea¬ 
tive processes of mathematics than almost any textbook. The 
work may be hard, for many mathematicians have a tendency to 
conceal their own methods of discovery, to take all the scaffolding 
away, and present their results in the most synthetic and unap¬ 
proachable manner; but in such cases the efforts made to under¬ 
stand the subject will imply a recreation of it, and this will be at 
one and the same time the best of mathematical exercises and the 
best way of penetrating the mathematician’s thought far below 
the surface. 


of the works and papers is a difficult task. An additional practical difficulty 
is due to the fact that many libraries refuse to lend early volumes of periodi¬ 
cals for outside use. They cannot be blamed for this, for the loss of a single 
volume destroys the integrity of the whole set. 

1 The award is made by the Acad&nie des Sciences, a special foundation 
for that purpose having been endowed by Laplace’s widow in 1836. See 
Pierre Gauja, Les fondations de rAcademic des Sciences (Hendaye, 1917), pp. 
131—134.. I am indebted for this information to Ginfral Hachette, comman¬ 
dant of the ficole Polytechnique (kind letter of December 2, 1935). 
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Abbott, C. G., 92 
Abel, N. H., 31, 50, 52, 70 
Abraham ben Ezra, 44 
Adams, J. C., 52, 70 
Adams, W. G., 70 
Adhdmar, R. d’, 93 
Ahrens, W., 85, 86 
Airy, G. B., 52, 70 
Airy, W-, 70 
Aiyar, P. V. S., 94 
Amaldi, U., 80 
Anderson, R. E., 85 
Andoyer, H,, 88 
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Aristotle, 77 
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Babbage, C., 52, 71 
Bach, 102 
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Bachmann, P., 71 
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Baer, K. E. v., 35 
Baillaud, B., 84 
Baire, R., 71 
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Beethoven, 102 
Bellavitis, G., 72 
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Bergmann, H., 74 
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Bertini, E., 78 
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Betti, E., 73 
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THE STUDY OF THE HISTORY OF SCIENCE 


T HE publication of university lectures may not, in 
general, be desirable, because it is better that they be 
kept in as fluid a state as possible, but an exception 
should be made for inaugural lectures. Indeed, each of 
these lectures is, or should be, a milestone, and the examina¬ 
tion of several of them relating to a single discipline enables 
us to measure the progress of that subject in a manner 
doubly pleasant, because concrete and informal. As it is 
my privilege to inaugurate, not only this seminary, but also 
the scientific study of the history of science in Harvard 
University, I feel it to be a part of my duty to explain my 
task as I understand it. I hope that in so doing I am be¬ 
ginning a new tradition, and that my successors will take 
pains to explain the same task, as they understand it, when 
it shall be their privilege in the course of time to assume it. 

One might assert that there is nothing new in the history 
of science, because it is simply the application of the well 
known methods of history to the well known facts of science. 
This is specious. The elements of our discipline may be as 
old as you please, their combination is relatively new. It is 
true some historical efforts were made as early as the fourth 
century B.C. by Aristotle’s pupil, Eudemos of Rhodes, and 
these efforts were continued by other Greeks; furthermore 
there has come down to us from the Middle Ages and 
modern times a whole series of writings in Arabic, Latin, 
and other languages, which might be catalogued under the 
heading ‘ history of science. ’ Nevertheless, the first scholar 
to conceive that subject as an independent discipline and to 
realize its importance was the French philosopher Auguste 
Comte (1798-1857), and the scholar who deserves perhaps 
more than any other to be called the father of our studies, 












DEFINITION 5 

ception, of historiography, on the one hand and of science on 
the other, and even by our philosophical beliefs or preju¬ 
dices. 

Before proceeding further, it may be useful to repeat a 
definition and a theorem which I have published in various 
forms in earlier writings since 1913. 

Definition. Science is systematized positive knowledge, or 
what has been taken as such at different ages and in differ¬ 
ent places. 

Theorem. The acquisition and systematization of positive 
knowledge are the only human activities which are truly 
cumulative and progressive. 

Corollary. The history of science is the only history which 
can illustrate the progress of mankind. In fact, progress has 
no definite and unquestionable meaning in other fields than 
the field of science. 

To be sure, we should not be dazzled by the shibboleth 
‘progress,’ for there are other features of human life which 
are at least as precious as scientific activities, though they 
are unprogressive: charity and the love of beauty, for ex¬ 
ample. But if we wish to explain the progress of mankind, 
then we must focus our attention on the development of 
science and its applications. 

Moreover, we shall not be able to understand our own 
science of to-day (I do not say to use it, but to understand 
it) if we do not succeed in penetrating its genesis and evolu¬ 
tion. Knowledge is not something dead and static, but 
something fluid, alive, and moving. The latest results are 
like the new fruits of a tree; the fruits serve our immediate 
practical purposes, but for all that it is the tree that matters. 
The scientist of philosophic mind is not interested so much 
in the latest results of science as he is in its eternal tenden¬ 
cies, in the living and exuberant and immortal tree. The 
fruits of to-day may be tempting enough, but they are not 
more precious to his way of thinking than those of yesterday 
or to-morrow. 







SCIENTIFIC AND HISTORICAL PREPARATION 7 

longer but more systematic; it must be carried on in a cer¬ 
tain order. One cannot study analysis before algebra, nor 
physiology before chemistry and physics. On the other 
hand, it is possible, though perhaps unadvisablc, to study 
history in almost any order, and the majority of scholars 
have obtained their historical knowledge in the most hap¬ 
hazard way. One may be an expert in American history 
and know nothing whatever of the Sumerians or the Ha¬ 
lites. Some time ago I was obliged to examine the work of a 
Transylvanian chemist who flourished at the end of the 
eighteenth century. To appreciate his work it was neces¬ 
sary to consider on the one band the historical milieu, and 
on the other the contemporary chemical traditions. I knew 
nothing of the history of Transylvania at that time, but it 
did not cost me much trouble to obtain the information 
which I needed, or, with the aid of my knowledge of com¬ 
parable conditions elsewhere, to understand it. Happily I 
was well acquainted with chemistry and the chemical 
knowledge of that period in Western Europe and with the 
so-called ‘chemical revolution,’ subjects in which it would 
have been impossible for me to remedy my ignorance so 
readily. I should have been obliged to study chemistry’ and 
the complete history of chemistry’ down to that time! 

However, the most fundamental difference between his¬ 
torical knowledge and scientific knowledge is revealed by 
the way they grow. Historical knowledge grows slowly and 
precariously; precariously, because of the constant recur¬ 
rence of discredited errors; slowly, because of increasing 
difficulty in obtaining new material. Though our knowl¬ 
edge tends toward completeness, it is asymptotic, and never 
reaches the goal. For example, consider our knowledge of 
ancient Greece. It continues to improve, to be sure, but 
with smaller and smaller increments of truth. It will not be 
more difficult, it will probably be simpler, to study it a few 
centuries hence than now. On the contrary’, any branch of 
science may be completely revolutionized at any time by a 
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The difference between the historical and the scientific 
points of view has been amusingly illustrated by Henri 
Poincare as follows: 1 

Carlyle has written somewhere something like this: 

“Nothing but facts are of importance. John Lackland passed by here. 
Here is something that is admirable. Here is a reality for which I would 
give all the theories in the world.” Carlyle was a countryman of Bacon 
, . ., but Bacon would not have said that. That is the language of the 
historian. The physicist would say rather: “John Lackland passed by 
here; I don’t care, for he will not pass this way again.” 

Physical sciences deal with the Taws of nature,’ with the 
repetition of facts under given circumstances, not only in the 
past but also in the future; history deals with isolated facts 
of the past, facts which cannot be repeated and hence can¬ 
not be thoroughly verified. At first view it seems impossible 
to bridge that abyss. And yet the difference is perhaps 
quantitative rather than qualitative. For, on the one hand, 
historical facts are more or less repeated. When a tyrannical 
rule is introduced into a country, one or more of certain 
well known series of events are bound to happen in con¬ 
sequence of it. The repetition is not complete and detailed, 
as in the case of physical or chemical facts, yet there is a 
repetition of patterns which deserves to be taken into ac¬ 
count. The trouble with the Carlyle-Poincare example is 
that it is too particular; it would be too particular even for 
the physicist. John Lackland will never come again; but 
there may be others like him, and patterns of a definite kind 
will entail a succession of other definite patterns. On the 
other hand, on account of the infinite complexity of causes 
and of the dissipation of energy, physical events never re¬ 
peat themselves exactly. The planets do not follow twice 
the same trajectories. 

The old saying of Heraclitus is truer than ever: Ila^ra pel, 

1 La Science el VHypotheses p. 168. 

















ACCURACY 


accuracy is as fundamental in the historical field as in the scientific 
one, and that it has the same meaning in both fields. Experienced 
historians may find it strange that I should trouble to ex¬ 
plain what to them is obvious, but it is necessary to do so in 
order to eradicate the prejudices of scientists against us, 
and enable them to come and meet the historians of science 
half way, instead of throwing spokes into our wheels. 

Let us suppose that a physicist has to measure the length 
or distance AB. He may state that AB is 3 m. long, or 
300 cm., or 3000 mm. These are three different statements, 
for they imply different degrees of accuracy: in the last case, 
for example, that the length is correct within a millimetre 
(2999 mm. < AB < 3001 mm.). The degree of accuracy 
obtainable or desirable varies with the circumstances, but 
one must be accurate within the limits which are appro¬ 
priate and which are suggested by the choice of units or the 
number of decimals. 

The situation is exactly the same with regard to dates. 
If you state that a certain event happened on October 20, 
1495 (Gregorian), you must be reasonably sure that it is the 
20th, not the igth or the 21st. A scientist, however meticu¬ 
lous he may be in his own field, will shrug his shoulders and 
grumble: “What do I care whether it is the 20th or the 
25th. . . .” Very well. It may indeed be of no importance, 
but then why state the day? Why not say “ October, 1495,” 
or “ 1495,” or “toward the end of the fifteenth century”? 
The last statement might be the best one. To say “ Oct. 20, 
1495,” when you are not sure of the day, is nothing but a 
lie, just as if you said that AB was 3000 mm. long after a 
perfunctory measurement with a draper’s yardstick. To 
affect a higher degree of precision than one can vouch for is 
just as reprehensible in the one case as in the other. Dates 
can be determined with reference to a definite calendar by 
means of authentic documents, or by means of coincidences 
with other events duly dated, or by a more complicated 
system of deductions. In every case they are determined 
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wrong; the real date is probably 1477. 1 With the clumsy 
Roman numerals such errors were easy enough. If the 
printed date were true, that edition would be the princeps , 
which it is not. The first dated edition was printed at 
Vicenza in 1475, without maps; the first edition with maps 

CL AVDUPTOL AM AEI ALEXAN 
DR INI COSMOC R APHIAE OCTA 
VI ET VLTIMI LIERI FINIS. 

Hicfimr CofmograpHa Ptoletrci itrpicfTa 
of>*domintd de lapis ciuis Bononieiis 

ANNO . M . CCCC . LXII. 
MENSE IVNII. XXIII. 

BO NOME 

RECISTRVM HVlV t S LIERI 

Fig. 1. — Colophon of an early edition of Ptolemy’s Geography, printed in 
Bologna probably in 1477. The date of the colophon, 1462, is certainly 
wrong. (Courtesy of the John Carter Brown Library in Providence, R. I., 
and of Prof. R. C. Archibald). 

is the Roman of 1478. In such cases as this, the historian 
must disbelieve what he sees, and discover more or less 
painfully the real truth behind the apparent one. He must 
do with other methods what the physicist is often doing in 
his own province. 

For the period posterior to the invention of printing, the 

1 Sarton, Introduction, vol. 1, p. 275, giving 1482 as the date. For the more 
probable date 1477 see Lino Sighinolfi, “I mappamondi di Taddeo Crivelli e 
la stampa bolognese della Cosmografia di Tolomeo,” in La biblioJUia, anno x, 
pp. 241-269 (1908). 
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is no evidence that the first ephemeral publication had any 
influence; the second being permanent could wait; its in¬ 
fluence was felt very slowly and gradually, but irresistibly. 

For another illustration of the constant need of vigilance, 
let us turn to tombstones. We are all cautious enough with 
regard to the moral judgments included in epitaphs. We 
know that the ‘devoted husband’ may have been a liber¬ 
tine, and the ‘beloved and respected father’ a selfish tyrant, 
but we are singularly prone to accept the dates carved on 
stones as correct. Even so great a scholar as the late Percy 
Stafford Allen, the editor of Erasmus’s letters, made the 
following imprudent remarks apropos of the tomb of Alonso 
de Fonseca, archbishop of Seville (died 1473), which he 
visited in the castle of Coca. “Here on his tomb was an 
authority beyond which we need not seek, the date of his 
death graven securely on stone.” 1 If the tomb was built 
within the year of death, we may perhaps assume that the 
date is correctly graven, though the stone cutter might for¬ 
get one of the many items of a Roman date as easily as the 
printer; if the tomb was built some time later, as often hap¬ 
pened, the causes of error increase. I have already quoted 
the case of that heroic Transylvanian scholar, Korosi Csoma 
Sandor. 2 A monument to his memory in Darjeeling, Sik¬ 
kim, proclaims the following, “On his road to H’Lassa to 
resume his labours he died at this place on the 1 ith April 
1842, aged 44 years” (see Fig. q, borrowed from Theodore 
Duka’s biography, 1885, p. 154). Now we know that 
Csoma was bom in 1784; he was then 58 years old at the 
time of his death, not 44. 

The moral of this is that the historian, like his brother 
scientist, must accept nothing without investigation and 
verification; he must be forever on the alert, and nurse 
skepticism in his mind until every suspicion has been dis- 

1 P. S. Allen, Erasmus, Lectures and Wayfaring Sketches (Oxford, 1934), 

p. 188. 

* Sarton, “Preface to Volume Twelve,” in Isis, vol. 12, pp. 5-9 (1929). 
Sec also Isis, vol. 16, p. 180. 
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ing return applies to historical research as well as to scien¬ 
tific research. Beyond a certain point additional refinement 
becomes increasingly more expensive, and after a while the 
expense becomes prohibitive. Long before reaching that 
limit, the work may become so hard and boresome that its 
value may be questioned. “ Is all that travail worth while? ” 
sighs the fagged scholar in a moment of despair. It is worth 
while, for, in history as in science, inaccurate data arc of no 
value. However cheaply the latter may be bought, their 
price is too high, while truth, or even the nearest approach 
to it that can be won, is never too dear, for it is beyond price. 

One should, indeed, avoid needless precision, but his¬ 
torians, like scientists, hesitate to draw the line, and for the 
same reasons. We may not need a high degree of precision 
for our own investigations, but no one can foretell the de¬ 
gree of precision which may be needed later on for other 
investigations. Moreover, it is always possible to deduce 
less precise data from more precise ones, while the contrary 
is impossible. If we have found the length of a wire to be 
1998 mm., we can say later that it was two metres long; but 
if we put on record a length of two metres and lose the wire, 
it will remain forever impossible to indicate its length in 
millimetres. If we know that Copernicus died on May 24, 
1543, 1 we can always simplify that statement, and say that 
he died in May, 1543, or in 1543, or toward the middle of 
the sixteenth century, which would suffice in many cases, 
but we could noi reverse the procedure. Accordingly it is 
generally advisable to adapt our precision not so much to 
our immediate need as to our power of attainment. 

The average degree of precision in historical investiga¬ 
tions is unfortunately much smaller than that within the 
reach of the physicist, the chemist, or even the physiologist. 
The story has often been told of how Sir Walter Ralegh, on 
receiving I forget how many different accounts of an inci- 

> For a discussion of this date see Leopold Protve, AWffits Copftrr.icu: 
(Berlin, 1883), vol. 1, part a, pp. 554-55*3. 
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technique from the earliest beginnings down to our own 
days, in all countries, and by people of all races and all 
faiths; he must consider the development of science at every 
time and in every place. He must be prepared to extend his 
investigations as deeply into the past as the emergence of 
human documents allows, and yet keep his scientific knowl¬ 
edge as up-to-date as possible. To be sure, nobody is sup¬ 
posed to know equally well the development of every science 
at every time, but the professional historian of science 
should have some knowledge of the whole field, even as the 
astronomer, no matter how narrow his special interest may 
be, is expected to have a general knowledge of astronomy. 

The most severe of these requirements is perhaps the one 
concerning the living and ever expanding science of our 
time. It is hard enough for the specialist to keep abreast of 
the steady progress of his own field of study, and yet he is 
only expected to survey a relatively small sector of the whole 
horizon. The historian of science should have some ac¬ 
quaintance with the whole field of advancing knowledge, 
with all the frontiers of science, though he can hardly be 
expected to enter into technicalities. This obligation rests 
upon his shoulders because the more he knows of the science 
of to-day, the better will he be able to appreciate that of the 
past; early science was once alive, even as our own will soon 
be dead, and to understand the life of science we must ob¬ 
serve it as it grows around us. Gould the palaeobotanist 
understand fossil plants if he were not familiar with living 
ones? This requirement is difficult enough for the historian 
of science who has laid a serious scientific foundation to his 
studies; it is hopelessly beyond the reach of the one who 
lacks such foundation. Without a sufficient knowledge of 
modem science, he is unable to understand earlier stages of 
knowledge, or what is worse, when he believes that he un¬ 
derstands, he is almost bound to misunderstand. One of the 
most pernicious types of error to which a false or shaky 
knowledge of living science frequently leads is the reading 
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That is, the earliest fifty centuries out of fifty-four (93%) 
are disposed of in less than 7% of the total space, while the 
nineteenth century alone (less than 2%) covers 67% of it! 

Or, to put it in another way, let us divide the Handbuch 
into sections of a hundred pages each, and see to how many 
yeats each of these sections corresponds, in absolute num¬ 
bers and percentages. 


TABLE II 


Pp. 1-100, c. 

3500 B.C. tO I59I 

a.d., 5090 years 

94-t4% 

Pp. 101-200, 

to 1756 . 

.165 

3-05 

Pp. 201-300, 

to 1809 . 

. 53 

.96 

Pp. qol-4.00. 

to 1832 . 

. 23 

•44 

Pp. 401-500, to 1847 . 

. 15 

.28 

Pp. 501-600, 

to i860 . 

. 13 

.24 

Pp. 601-700, 

to 1872 . 


.22 

Pp. 701-800, 

to 1882 . 

. 10 

.18 

Pp. 801-900, 

to 1891 . 

. 9 

•17 

Pp. 901-1000 

to 1901 . 


.18 

Pp. 1001-1070, to 1908. 

. (7) 1 

5407 years 

.14 

100.00% 

1 The annual ra 
previous. 

te for this period is 

about the same as 

for the thirty years 


That is, the first hundred pages deal with 94% of the 
total time, the first three hundred pages (28% of the book) 
with 98% of the total time, while the rest of the book (72%) 
deals only with the last 2% of the fifty-four centuries. 

Table II is very interesting, because, if the data upon 
which it is based are correct, — and they may be considered 
so at least for a first approximation, — the acceleration in 
the progress of science did not continue to increase after, 
say, c. 1882. It should be noted in passing that the amazing 
acceleration in the rate of discoveries and inventions in the 
nineteenth century was partly mechanical: it was due to the 
increase in the number of universities, laboratories, and in¬ 
vestigators. It is clear that to determine the natural ac- 
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countries, or under different circumstances, have also very 
different weights, our division of the past must be neces¬ 
sarily rough and tentative. 

A scholar’s intuition may well provide the best answer, 
the value of his answer being a function of his experience 
and wisdom. My experience extends over twenty-five 
years, during which I have been obliged not only to lecture 



fig. 5 

on a great many subjects, covering among them almost the 
■whole field, but also to examine a very large proportion of 
the writings devoted to our studies by scholars of almost 
every civilized country. My own solution may thus deserve 
to be considered. I have really two solutions between 
which I often hesitate and which are best represented by 
the two diagrams above (Figs. 4 and 5). The main differ¬ 
ence between these two diagrams lies in the last quadrant, 
which in Fig. 4 is devoted to recent times only, the last 135 
years, while in Fig. 5 it includes the eighteenth century as 
well. It any case these diagrams should not be taken too 
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Though a teacher of the subject may have to cover the 
whole field, he cannot be expected to have a first-hand and 
deep knowledge of every part of it, any more than the pro¬ 
fessor of general chemistry, let us say, can be expected to 
have a first-hand knowledge of the whole of chemistry. 
However, in this case as in others, first-hand and experi¬ 
mental knowledge of one part of the field enables one to 
appreciate more critically other parts of it, though one’s 
familiarity with them must necessarily remain very im¬ 
perfect. 

One of the best means of obtaining a relative mastery of 
the whole field is to make judicious cross-sections of it, and 
every scholar engaged in these studies should try to carry 
out as far as possible three different types of cross-sections 
and to remain sufficiently familiar with them throughout 
life. He should make a special study of: 

(1) The development of one branch of science, say, 
astronomy, or of a smaller field, say, geodesy. 

(2) The development of science and learning during a 
special period, say, the fourteenth century. 

(3) The development of science and learning within a 
certain country, or by the people of a special race or faith, 
or by the people using a special language. E. g., Italian 
science, Arabic or Islamic science, the scientific content of 
post-classical Latin literature. 

The well tempered historian of science who has become 
sufficiently familiar with three such sections might be said 
to be adequately prepared, though his actual mastery of the 
subject would naturally depend upon his experience, dili¬ 
gence, and wisdom. 

It should be noted that the three perpendicular sections 
are not artificial. On the contrary, almost every scholar 
exploring the field with some method would be irresistibly 
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So large and complex is the field, that though I have ex¬ 
plored it during a quarter of a century in almost every con¬ 
ceivable direction, I would not dare say that I know it. The 
difficulties are caused partly by its complexity and infinite 



Fig. 6 


variety, partly by the lack of tools, due to the very youthful¬ 
ness of our discipline. 

It is worth while to stop here for a moment and consider 
our lack of tools. Though the great men of science are in 
their own unobtrusive way the leaders of mankind, and 
must be counted among its foremost benefactors, there are 
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guages and literatures, of arts and crafts, in short, of every¬ 
thing except of that which is the backbone of culture: 
science. 

As one question after another is investigated down to bed 
rock, as better textbooks and treatises are gradually pro¬ 
duced, and syntheses of larger and larger fields made at 
higher and higher levels, it will become easier to know the 
whole subject. The total knowledge will be very much 
larger and more precise, but it will be so clarified and so 
well ordered that its comprehension will be simpler. 


We shall understand this better if we make a distinction 
between what I should call real knowledge and potential 
knowledge. For example, if I owned a book containing a 
list of all countries and cities of the world with their posi¬ 
tions, areas, and populations, all according to the latest and 
most authoritative sources, if there were such a gazetteer at 
my elbow, I could say that I had a potential knowledge of 
its contents, for pertinent information of the best kind could 
be extracted from it immediately, as one would extract it 
from one’s memory. In fact, such a book might be con¬ 
sidered an extension of one’s memory, though far more 
reliable than the best memory could ever be. This is an ex¬ 
treme case; passing to the other extreme, it is equally true 
that the possession of the best textbook on the theory of 
functions would not give me ipso facto any potential knowl¬ 
edge of the subject. If I had made years ago a thorough 
study of it, and since then forgotten most of it, my real 
knowledge would be dwindling to zero, but the textbook 
might replace it by a potential knowledge. In this case, 
however, the potential knowledge would not have been 
obtained gratis, as in the first one, but only at the price of 
long antecedent efforts. 

The branches of science and learning might all be ar- 
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the circumstances of Herschel’s life and activity. How did 
he discover Uranus, and why did nobody else discover it 
before him? What were the implications, for him and 
others, for us, of that discovery? The statement of the dis¬ 
covery is almost meaningless, unless all these explanations 
are implicidy available to the reader, or explicitly stated to 
him. A bare fact is nothing, though its potentialities may be 
endless; meaningless to one person, it opens up to another a 
new chapter of science or life, and provides the kernel of a 
tragedy. The historico-scientific facts are the stones of the 
building which the historian of science is building; if accu¬ 
rate, they are invaluable — history without them is nothing 
but a vision, a dream, a bubble, a shadow, and even less, 
the shadow of a shadow; yet they are worthless unless 
placed in their proper sequence and position, each one 
being explained and justified by all the others. 


The search for new historical materials is itself a task of 
great complexity, to the extent that only a part of it, and 
that not the most important, can be taught. However, the 
teachable part should be learned; the delicate methods in¬ 
volved are explained in historical seminars or in special 
textbooks. We cannot insist upon that. When die his¬ 
torian of science has finally succeeded in tracking down 
some new document, by the use of such methods or his own 
shrewdness, or both, his next task is to criticize it, exter¬ 
nally and internally, and to make the best use of it. If he be 
dealing with an early text, which may be represented by 
more than one MS., he must first ‘establish’ it, that is, he 
must determine the most probable text. Of course, the 
establishment of a scientific text, its external and internal 
criticisms, are not different from those relative to any other 
texts. The methods are exaedy the same, but the internal 
criticism, i. e., the interpretation of the contents, will neces- 
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vicissitudes of ancient history it seems almost miraculous 
that so many early texts — say, abstruse mathematical 
treatises which could not interest many people and were 
never represented by many MSS. — have come down to us. 
And those that have survived have reached us with almost 
unbelievable indirectness. For example, the treatises of 
Hippocrates, Aristotle, Galen, originally written in Greek, 
were translated into Syriac, then into Arabic (or directly 
into Arabic), then into Hebrew and into Latin (or into 
both), then into our own vernaculars. Each of these stages 
entailed errors of omission or commission, each translation 
was somewhat of a gamble, each edition was represented by 
divergent manuscripts, and so forth. 

When one visualizes all these hazards and perils, is it not 
astounding that we are able to read and enjoy to-day a 
treatise which Archimedes wrote twenty-two centuries ago? 

It is true that the ideas which the ancient treatises con¬ 
tained may have trickled down to us in countless other 
ways. The historian’s task is then not simply to determine 
the contents of Ptolemy’s knowledge, but to trace the 
tangled channels through which that knowledge has 
reached modern astronomers such as Copernicus, and how 
its mixture with other intellectual streams of equally com¬ 
plicated ancestry has helped to constitute, very gradually, 
our own conceptions. Ptolemy’s works are one thing, their 
tradition quite another, both indispensable. When we are 
told that our energy is derived from the sun, we are not 
satisfied until we are shown how that energy is communi¬ 
cated. It is a very complicated story; the history of the 
Ptolemaic tradition is equally complicated and fascinating. 


As the historian is expected to determine not only the 
relative truth of scientific ideas at different chronological 
stages, but also their relative novelty, he is irresistibly led to 
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atoms, but docs it really matter how many know the latest 
size of the universe, or arc able to describe accurately the 
latest atomic models? Most of the newest knowledge, the 
kind that is featured in newspapers, is of little concern to all 
but specialists. On the other hand, it is of fundamental im¬ 
portance that every educated man and woman should be 
made to understand the methods of scientific research, and 
be trained to love truth irrespective of his interests and 
prejudices. There is nothing impossible in that; that is, it 
should not be more difficult to teach people not to lie, than 
not to steal. The principles and methods of science could be 
taught any sound-minded person with only a fraction of the 
effort that is now misused to teach him the newest particu¬ 
larities which he docs not really need. The teaching should 
be concentrated on the facts and theories which have sur¬ 
vived the controversial stage and have (or should have) be¬ 
come part and parcel of the common knowledge of educated 
men all over the world. The experimental proof and the 
explanation of those facts and theories (either in the his¬ 
torical order or otherwise) would serve to illustrate the 
methods and spirit of science. The republic requires rela¬ 
tively few scientists, but it wall not be healthy until a ma¬ 
jority, or at least a large minority, of its citizens have been 
trained to consider every-day problems, and to judge politi¬ 
cal and social controversies, with a certain degree of objec¬ 
tivity and disinterestedness. 


The mention of scientific methods suggests another aspect 
of our investigations: the study of the development of 
science from the logical point of view. The fact that the 
logic of science is largely casual and retrospective does not 
matter. It remains of great interest to discover inductively 
the logical sequences or the logical solutions of continuity 
in the arguments and activities which have led mankind 
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to capitulate. It was then that Arago invented an ingenious 
expnimentum cruris. If the emission theory is correct, the 
speed of light must increase with the density of the medium; 
if the wave theory is correct, the speed must decrease with 
the density. Hence if we could measure the speed of light in 
air and water, the comparison of the results would tell us 
which theory was true. The extremely delicate experi¬ 
ments which he suggested were not realized until fifteen 
years later by Foucault, who proved that the speed of light is 
smaller in water than in air, and thus “that the emission 
theory is incompatible with the reality of the facts’’ (these 
arc his own words). 1 This seemed to be decisive and final. 
There is no doubt that the emission theory was incom¬ 
patible with the facts which he dealt with, but it did not 
follow that the wave theory was compatible with every other 
fact. To make a long story short, the study of black-body 
radiation revealed facts which were incompatible with the 
wave theory, and led to the formulation of the quantum 
theory by Max Planck in 1900. 2 * * 5 Arago’s cxpcrimcnlum cruris 
had simply proved that the wave theory was more complete 
than the emission theory, but it had not proved and could 
not prove that it was absolutely true. 

It is clear that no experiment can be really ‘crucial’ until 

1 It is well to recall the three steps leading to that conclusion. 

Charles Wheatstone, “An Account of some Experiments to Measure the 
Velocity of Electricity and the Duration of Electric Light” ( Philosophical 
Trcnsce'.icrs, 1834, pp. 583-591, 2 pi.). Explaining the method of rotating 
mirrors. 

Arago, “Systemc d’experiences a l’aide duquel la thcorie de l’f mission et 
celle des ondcs scront soumises a des epreuves decisives ( Anrales de chimte el de 
physique, vol. 71, pp. 49-65,1839). Communicated in 1838. Arago explained 
the principle of the experiments and suggested their realization by means of 
'Wheatstone’s method. 

Leon Foucault, “Sur les vitesscs relatives de la lumiere dans l’air et dans 
l’eau” {Arj-.de! de chime et de physique, vol. 41, pp. 129-164, 1854). Realizing 
Arago’s idea. 

5 For a good summary of this question, see F. K. Richtmver, Introduction to 
Modem Physics, 2d ed. (New York, 1934), chapter 7 {Isis, vol. 24, pp. 
: 7 2-!74). 
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making. The results are bound to be very interesting, even 
if they do not turn out to be as immediately profitable as 
one might wish. It will never be possible to replace by 
systematic deductions, or by mechanical applications of old 
tricks to new problems, the happy intuitions out of which 
discoveries are born, but the intuitions may be guided and 
stimulated by such means, and genius itself may be enabled 
to soar from a higher level and with greater assurance. 


I have already alluded to the psychology of scientific dis¬ 
covery, for, in practice, it is hardly possible to separate psy¬ 
chology from individual logic. However, in contrast to the 
logically-minded historian, there is one who might be called 
psychologically-minded, who is interested not only in the 
genesis of discovery in the individual mind, but in the whole 
intellectual and emotional make-up of the scientist. How 
does this scientist compare with another, as a man, or with 
other men? How was his temper affected by work, rest or 
play, by success or failure? How was he influenced by his 
social environment, and how did he influence it? How did 
he express and reveal himself, or fail to reveal himself? 
What was the quality of his spirit? His love of truth, his love 
of beauty, his love of justice, his religion, to what extent 
were they developed? Or was he indifferent to the world 
around him, blind to everything except the narrow field of 
his research? Not only the psychologist but the humanist 
tries to answer such questions, and others innumerable. 

Is this not natural enough? We have some degree of in¬ 
terest in every man and woman whom we approach near 
enough. Should we not be even more interested in those 
men who accomplished more fully the destiny of the race? 
I read this morning in the paper that a man called John 
O’Brien died suddenly in Boston while he was watching a 
wrestling match. I have no interest whatever in wrestling, 
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before. This may lead them to the making of fundamental 
discoveries, or they may fail, and be looked upon as insuf¬ 
ferable pedants. This list might be lengthened endlessly. 

From the humanistic point of view, every detail in a 
scientist’s life is or may be interesting, because that life is one 
of the parts in a great tragedy — we might call it the basic 
tragedy of mankind —, the struggle for knowledge. From 
that standpoint, it will never suffice to state a man’s dis¬ 
covery; one must explain how and why he made it, and why 
it was he who made it, what idiosyncrasies guided or handi¬ 
capped him, and so forth. Every human aspect must be 
considered, because this is not simply a scientific matter but 
a human one. One must examine his whole behavior, his 
ways of searching, of finding, of checking and rechecking, 
and finally — most illuminating of all information — his 
ways of expressing himself, in short, Iris style. “Le style, 
c’est l’homme.” 

Moreover, one cannot judge him fairly unless one is pre¬ 
pared to consider his achievement not only from the point 
of view of modern science, but also from the point of view of 
the knowledge obtaining in his time, and of his own educa¬ 
tion and experience. He must be seen in his own environ¬ 
ment, and also outside of it. We must try to weigh how 
much he may have been helped or hindered by all kinds of 
social influences, most of them irrational or at least non- 
scientific. 

To understand fully the human side of science, we must 
think of scientific achievements as we do of artistic achieve¬ 
ments. Indeed they are, at best, of the same kind, though 
the techniques are of course very different, and even more so 
the intellectual attitudes. To be sure, in the scientific field 
even more than in the artistic one, there is a great deal of 
work which is so commonplace and repetitious that even a 
saint could hardly lift it up to an inspired level; there cannot 
but be many ‘hewers of wood and drawers of water,’ but 
between these and the great leaders there is an infinity of 
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comings, but above all we must celebrate heroism whenever 
we come across it. The heroic scientist adds to the grandeur 
and beauty of every man’s existence; the complacent, hum¬ 
drum, commonplace scientist, and the meretricious, or 
simply the tepid, however startling his discoveries may 
happen to be, does not inspire us humanists and artists, but 
leaves us very much where we were. We may perhaps over¬ 
look him in our account, though not his discoveries, while 
the hero’s life is in itself an artistic creation, an inexhaustible 
source of joy and happiness. 


The history of science was and should be written from the 
many standpoints which I have indicated, and perhaps 
from still others. It is an immense subject which cannot be 
contemplated and illuminated from too many angles; each 
particular survey will add something to our knowledge and 
to our pleasure. Whichever the historian’s point of view, he 
will not deserve the esteem of his colleagues if he does not do 
his task honestly, and, within the limits of his purpose, as 
completely as he can. 

Such a remark might seem superfluous. It would cer¬ 
tainly be so if we were dealing with other subjects. In fact, 
it would be almost impertinent to say to a zoologist that he 
must do his work as honestly and thoroughly as possible, in 
order that others should not be obliged to do it again! Yet 
it is very necessary to say that very thing to the scientist who 
has historical investigations in view, for he seldom realizes 
that his own scientific methods and standards apply as 
rigorously to such investigations as to his own. On the con¬ 
trary, he is likely to consider his historical interlude as an 
escapade, of which he is at one and the same time proud, be¬ 
cause, being out of his element and having thrown his own 
standards to the winds, he has no others, and ashamed, be¬ 
cause he is consciously or unconsciously aware of doing 
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scientist, is to increase or improve available knowledge. 
There is no reason for hurry, but pains should be taken to 
prevent slipping back, or else our work becomes hopeless. 
We must exert ourselves to the utmost in order that our 
successors may accomplish their task with greater ease and 
precision, and come closer to the truth than we can. Poin¬ 
care elaborated his Methodes nouvelles de mecanique celeste 1 
because the approximation sufficient in his day for the com¬ 
putations of astronomers would be no longer sufficient a 
few centuries later, and he once declared , 2 “We are some¬ 
times happier to think that we have saved a day’s work to 
our grandchildren than an hour to our contemporaries.” 
That is the true spirit: no pains are grudged if they bring us 
nearer to the goal, however distant it may be. We are not 
in a hurry, but we must go steadily forward, not backward. 

One might apply to historical work, and more particu¬ 
larly to our own researches, where such advice is more 
needed than anywhere else, the wise remarks of Albert 
Bayet : 3 

On congoit maintenant la signification morale de toutes ces regies 
minutieuses qui president au travail scientifique. Si le savant s’impose h 
lui-mSme tant de precautions rigoureuses, c’est qu’il n’entend pas seule- 
ment atteindre la verite: il veut la rendre manifeste a tous. II ne lui 
suffit pas d’Stre cru: il entend ne l’etre que sur preuves sonnantes et tr£- 
buchantes. Ces demonstrations exactes, ces verifications laborieuses 
dont s’impatiente parfois 1’esprit de finesse ou 1’esprit poetique, sont la 
forme la plus haute de l’altruisme: elles impliquent et le desir de s’ac- 
corder avec autrui sur les choses essentielles et le desir que cet accord ne 
soit pas un accord de surprise, un rapprochement passager, mais bien 
1’expression solide d’une communaute reelle. Le respect et l’amour de 
Phomme pour l’homme sont 1’amc de la recherche scientifique, parce 
qu’on ne peut pas faire aux autres un don plus precieux que de leur offrir 
une verite qu’ils feront leur et qui les fera s’unir par ce qu’il y a en eux de 
plus haut. 


1 See vol. x (i8g2), introduction. 

5 Science et methods, p. 34. 

3 La morale de la science (Paris, 1931, pp. 65-66; cf. Isis, vol. 19, pp. 241- 
245>- 
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who had not mastered any of the special techniques of 
physical research, just so we are less inclined to trust a his¬ 
torian of science who is too much of a theorist and who has 
not experienced time after time the tribulations of defeat 
and the joys of victory in the digging out of facts from the 
bed rock. 

Every historian must be trained to overcome certain 
classes of technical difficulties, and, in a way, the harder 
these are, the better. Nevertheless it is well to remember 
that this training introduces new perils. It is possible to 
teach the most difficult techniques and the most esoteric 
methods to people of mediocre intelligence, but it is impos¬ 
sible to impart to them the wisdom which is needed to make 
the best of any technique and to master it truly, instead of 
being mastered by it. In too many cases the technique 
ceases to be a means to an end, but becomes an end in itself, 
and that is very silly. 

At the end of their excellent textbook on statistics, Pro¬ 
fessor Harold T. Davis and W. F. C. Nelson give the follow¬ 
ing warning, which fits my argument as well as their own . 1 
When the student has mastered a definite technique, what 
then? 

The danger [say Davis and Nelson] is that he will over-estimate 
rather than under-estimate the value of this equipment Statistical 
methodology is no magical, or even mechanical, instrument that auto¬ 
matically grinds out valid conclusions and allows the suspension or avoid¬ 
ance of personal judgment. Indeed, it may be said flatly that a statistical 
conclusion is no better than the judgment of the statistician who pro¬ 
duced it. Knowing what tool to employ is just as important as knowing 
how to employ it. The second can be taught, but the first must be 
learned. The novice will tend to think that the more high-powered his 
methods the more cogent his analysis. This is not at all necessarily true. 
A scatter diagram may well yield more information than a correlation 
coefficient. The fact that the latter may be carried to several decimal 


1 Elements of Statistics (Bloomington, Indiana, 1935), p. 334; cf. Isis, vol. 
25, p. 279. My reference to a book on statistics is not so arbitrary as it may 
seem. See my “Quetelet,” in Isis, vol. 23, pp. 6-24 (1935). 
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have and pedants lack. Now this brings science and art 
very close together, for right selection is the essence of art 
as well as of science. 

The artist cannot reproduce every aspect of nature or 
realize every dream of his mind; he must choose, choose, 
choose. Even so the scientist cannot study every fact and 
attack every problem; he must choose and choose and 
choose again. His activities are continually dominated by 
the need of selection; they may be suddenly exalted by a 
wise choice, or jeopardized, even nullified, by a wrong one. 
Genius in science as well as in art includes, as one of its 
essential elements, that uncanny quality, the ability to select 
the most characteristic lines or colors, melodies, or har¬ 
monies, or the salient fact, the fertile problem, the ‘crucial’ 
or enlightening experiment. Granted that selection is even 
more fundamentally and continually important for the 
artist than for the scientist , 1 that is, that artistic creation is 
far more arbitrary than scientific creation, the difference 
between them is quantitative rather than, as is generally 
believed, qualitative. 

We must try to impart difficult techniques and rigorous 
methods without making pedants. It is true the problem is 
largely solved for us before we try to solve it ourselves, for 
some men are bom pedants, and whatever technical skill is 
given to them will only feed their pedantry; just as some 
people are bom hypocrites, and religious training can only 
make them worse. However, it is well to know the dangers 

1 Einstein once remarked that the infinitesimal calculus would certainly 
have been discovered even if there had been no Newton and no Leibniz, but 
without Beethoven we should never have had a C minor symphony. Alexan¬ 
der Moszkowski, Einstein the Searcher (London, 1921), p. 99. That is incon¬ 
trovertible. Yet one may object, on the one hand, that the arbitrariness of 
scientific creation can be very well illustrated by Einstein's own example, the 
early history of the calculus; on the other hand, that the development of the 
symphony would have continued after Mozart, even if there had been no 
Beethoven. It remains true that Beethoven's work is absolutely individual 
and as such irreplaceable, while Newton’s would have been replaced sooner 
or later by something equivalent. 
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This list, prepared for the beginner, will enable him, short as it is, to 
continue his bibliographical preparation to any extent. It is divided into 
seven sections: 

I. Historical methods. 

II. Scientific methods. 

III. Chief reference books for the history of science. A. History and 
biography; B. Catalogues of scientific literature; C. Union lists of scien¬ 
tific periodicals; D. General scientific journals. 

IV. Journals and serials on the history of science, 

V. Treatises on the history of science. 

VI. Handbooks on the history of science. 

VII. Societies and congresses. A. History of science societies; B. Na¬ 
tional scientific societies; C. International congresses. 

It should be noted that the history of each science has its own bib¬ 
liography, and that all these bibliographies are somewhat overlapping. 
I propose to deal with the history of separate sciences on other occasions; 
meanwhile an intelligent student would have no insurmountable diffi¬ 
culties in compiling a special bibliography of the history of any science 
(or any subject) on the basis of the indications given below. 

I. Historical Methods 

The best known of treatises on historical methods are: 

Ernst Bernheim (1850- ), Lchrbuch der historischen Method' (Leipzig, 
1889; often reprinted). 

Charles Victor Langlois (1863-1929) and Charles Seignobos (1854- ), 
Introduction aux itudes historiques (Paris, 1897; often reprinted). 

I have never used Bernheim. The book of Langlois and Seignobos is 
excellent; it has been translated into English by G. G. Berry (London, 
1898; reprinted in 1912, 1925, 1926). 

Ch. V. Langlois, Manuel de bibliographic histonque (Paris, 1901-04). 

Louis John Paetow (1880-1928), A Guide to the Study oj Medieval History 
(Berkeley, 1917). Revised edition prepared by the Mediaeval Academy 
of America (New York, 1931). A very useful book and not only for the 
mediaevalist. 

By means of Langlois’s books and Paetow’s it is possible to explore the 
main historical literature, and become acquainted with historical meth¬ 
ods in general. 
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Andre Lamouche, La methods generate des sciences pares el appliquees 
(Paris, 1924). The author is an engineer in the French navy. 

Abraham Wolf, Essentials of Scientific Method (London, 1925). Many 
times reprinted. The author is professor of the subject in the University 
of London, and he is also a historian of science. 

Alfred North Whitehead, Science and the Modem World (Cambridge, 
1926). The author is a mathematician and metaphysician. 

Frederick Barry, The Scientific Habit of Thought. An Informal Discussion 
of the Source and Character of Dependable Knowledge (New York, 1927; cf. 
Isis, vol. 14, pp. 265-268). The author is a chemist, now professor of the 
history of science in Columbia University. 

Norman Robert Campbell, Physics, the Elements (London, 1920); An 
Account of the Principles of Measurement and Calculation (London, 1928). 
The author is a physicist. 

Harold T. Davis, Philosophy and Modern Science (Bloomington, Indiana, 
1931; cf. Isis, vol. 18, pp. 204-206). The author is a mathematician and 
statistician. 

Every student of the history of science should read at least Poincare’s 
immortal books, but that would not suffice. Poincare’s books are collec¬ 
tions of essays, which do not replace more systematic treatises. With re¬ 
gard to the other books mentioned above, I will add two remarks. 

1. Though these books have many elements in common, they are very 
different in contents and in spirit, and answer different purposes. Stu¬ 
dents need not read them all, but only a few; they should examine them 
and select those which seem the best for their own needs. They must be 
made to realize the concreteness of scientific methods and also their 
philosophical implications. 

2. The list is exemplary rather than exhaustive. I have mentioned 
some of the books I have come across; there are many others with which I 
am not familiar and which may be as good, if not better. 


III. Chief Reference Books for the History of Science 
A. History and Biography 

George Sarton, Introduction to the History of Science. Vol. 1. From Homer 
to Omar Khayyam (Baltimore, 1927). Vol. 2, in two parts. From Rabbi 
ben Ezra to Roger Bacon (1931). Vol. 3. Science and Learning in the 
Fourteenth Century (in preparation). 

Ludwig Darmstaedter (1846-1927), Handbuch zur Geschichte der Na- 
tunuisscnschaflen und dec Tcchnik. Zweite Auflage (Berlin, 1908). Chrono¬ 
logical list of discoveries year by year. Valuable, but to be used -with 
caution. 
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second, Mechanics, in igog, the third. Physics, in two instalments, Gen¬ 
eralities, Heat, Light, Sound in tgi2. Electricity and Magnetism in 1914. 
The publication seems to have been finally discontinued, which is a great 
pity. Whatever the fate of the International Catalogue may be, there is 
no justification for leaving the Royal Society Catalogue essentially in¬ 
complete, and thus nullifying a large part of the past labor and expendi- 


Inlernational Catalogue of Scientific Literature. Published for the Inter¬ 
national Council by the Royal Society of London. 

This is an outgrowth of the Royal Society Catalogue, as it was felt that 
the scientific literature of our century was too extensive to be dealt with 
by a single scientific society. Its organization was arranged at the initia¬ 
tive of the Royal Society, by an international conference which met in 
London in 1896, then again in 1898, in 1900, etc. It was decided to 
divide science into seventeen branches: 

A. Mathematics. 

B. Mechanics. 

C. Physics. 

D. Chemistry. 

E. Astronomy. 

F. Meteorology (inch Terrestrial magnetism). 

G. Mineralogy (inch Petrology and Crystallography). 

H. Geology. 

J. Geography (mathematical and physical). 

K. Palaeontology. 

L. General biology. 

M. Botany. 

N. Zoology. 

O. Human anatomy. 

P. Physical anthropology. 

Q. Physiology (incl. experimental Psychology, Pharmacology, and 

experimental Pathology). 

R. Bacteriology. 

A large number of volumes were actually published from tgoz to 1916, 
but the gigantic undertaking was a victim of the World War and of the 
national selfishness and loss of idealism which the War induced. The 
volumes published cover the scientific literature for the period from igoi 
to about 1913. 1 

1 The publication includes 254 octavo volumes, varying in thickness from 
half an inch to two inches, and the original price was about £260. The stock 
has been sold to William Dawson and Sons, London, who offer a complete set 
for the price of £60 unbound, or £100 bound (November, 1935)- 
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ccnnial indices), the Rtvut gbibale des sciences for i8go-igi4, and Die 
Naturwissenschaften for 1913-27. Thus through these four journals the 
general sciendfic achievements of the period 1863-1927 are indexed to 
some degree. 


IV. Journals and Serials on the History of Science 

The chief journals and serials are quoted in chronological order. The 
publishers named are in each case the latest or last. 

1. Klassiker der exakten Naturwissenschaften. Founded by Wilhelm 
Ostwald (1853-1932). (Leipzig, i88g, etc.) Vols. 238, 239 appeared in 
1934. Publisher, Akademische Verlagsgesellschaft, Leipzig. 

2. Milteilungen zur Geschichte der Mediztn und der Naturwissenschaften, 
herausgegeben von der Deutschen Gesellschqft fur Geschichte der Medigin und der 
Naturwissenschaften (vol. 1, 1902; in 1936, vol. 35 is being published). 
Almost exclusively bibliographical. Publisher, Leopold Voss, Leipzig. 

3. Archio fur die Geschichte der Naturwissenschaften und der Technik (13 
vols. published from 1909 to 1930; vol. 9 contains only 126 pp.). Pub¬ 
lisher, F. C. W. Vogel, Leipzig. 

4. Rivista di storia critica delle scienze mediche e naturali (vol. 1, 1910). 
Organ of the Italian Society for the History of Science. Direttore: 
Andrea Corsini, Via de’ Bardi 5, Firenze (113). 

5. Isis. Quarterly organ of the History of Science Society and bib¬ 
liographical organ of the International Academy for the History of 
Science. Edited by George Sarton (vol. 1,1913; the publication of vol. 26 
began in 1936). Publisher, Saint Catherine Press, Bruges. 

This is the chief journal devoted to the history of science and the most 
comprehensive. It includes new contributions, reviews, notes, abundant 
illustrations, and a very elaborate critical bibliography covering the 
whole field. That bibliography is arranged in the same order as Sarton’s 
Introduction; it corrects and keeps up to date the volumes of the Introduc¬ 
tion already published and accumulates materials in their proper sequence 
for the ulterior volumes. 

6. Studies in the History and Method of Science. Edited by Charles Singer 
(igi7-2i, 2 vols. quarto, with illustrations). Published by the Clarendon 
Press, Oxford. 

A splendid collection, unfortunately interrupted after the second 
volume. 

7. Archivio di storia della scienza, later called Archeion. Edited by Aldo 
Mieli (vol. 1, 1919; in 1935, vol. 17 is being published; vol. 10 has never 
been completed). Official organ of the International Academy of the 
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history and philosophy of science, and to all the similar materials pub¬ 
lished in other journals or anywhere. 1 

Journals devoted to the history of science contain many articles on the 
philosophy of science, these two groups of subjects being closely related. 
Articles on the philosophy of science are also found in most philosophical 
journals. For example, the Revue de metaphysique et de morale, founded in 
^93, by Xavier Leon (1868-1935) ar| d edited by him (general tables 
for vols. 1 to 30, 1893-1923), has published a magnificent series of papers 
on the subject, including many of Poincare’s. A special journal, Philosophy 
of Science, edited by William Marias Malisoff, has been published by 
Williams and Wilkins in Baltimore since 1934. 

V. Treatises on the History of Science 

The earliest treatise deserving to be quoted here is William Whewell, 
History of the Inductive Sciences from the Earliest to the Present Times (London, 
1837, 3 vols.). Vol. 1 deals with Greek physics, Greek astronomy, me¬ 
diaeval physics, and astronomy from Copernicus to Kepler; vol. 2, with 
the history of mechanics, physical astronomy, acoustics, optics, “ thermo- 
tics and atmology”; vol. 3, with other branches of physics, chemistry, 
natural history, physiology and comparative anatomy, and, finally, 
geology. Irrespective of its many shortcomings, some of which were un¬ 
avoidable a century ago, this book is not a history of science as we under¬ 
stand it to-day, but a juxtaposition of various special histories, which is 
something very different; it represents a lower stage of integration. 

Thus far there is only one modern complete treatise on the history of 
science. That is Friedrich Dannemann, Die Nalurwissenschaften in ihrer 
Entwicklung und in ihrem i^usammenhange (Leipzig, 1910-13, 4 vols.; 2d ed. 
1920-23; cf. Isis, vol. 2, pp. 218-222; vol. 4, pp. 110, 563; vol. 6, p. 115). 
It is elementary and imperfect, yet Dannemann, like Whewell, was a 
pioneer, and deserves our gratitude on that account. 

When one remembers, on the one hand, the insufficiency of this trea¬ 
tise, and on the other hand, that it is not only the best but the only one of 
its kind, one realizes more keenly the immaturity of our studies and the 
immensity of the task to be accomplished. 

Three new treatises have been begun but are only incompletely pub¬ 
lished: 

Abel Rey, La science dans Pantiquite (Paris, 1930-33). This is a part of 
Henri Berr’s collection Devolution de Vhumanite. Two volumes have ap¬ 
peared: vol. 1, La science orientale avant les Grecs; vol 2, La jeunesse de 
la science grecque (cf. Isis, vol. 21, pp. 224-226). 

1 As far as available to the editor of Isis . 
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section devoted to the history of science as such, but there is an archaeo¬ 
logical section. 

Address: Secretariat de I’Association, rue Serpente 28, Paris VI. 

5. 1907. S.I.P.S. Societi Italiana per il Progresso delle Scienze. 
Atti, published each year. 1 Elaborate decennial indices for 1907-19, 
1921-31. Section 1 of class C deals with history and archaeology, section 
2 with philology, section 5 with philosophy. Address: Via del Collegio 
Romano 26, Roma. 

C. International Congresses 

International congresses have been organized for almost every science 
or group of sciences, and one of their sections is generally devoted to his¬ 
torical subjects. It is not possible to deal here with these congresses, any 
more than with the national societies relative to special sciences. In my 
book on the study of the history of mathematics, I shall speak of the 
mathematical societies and congresses. However, this is the proper place 
to speak of two other series of international congresses which concern the 
history and philosophy of science in general; these are the congresses of 
history and philosophy. 

In addition to two international meetings—at Chicago, 1893, and 
The Hague, 1898 — which are not counted in the regular series, the 
international congresses of historical sciences have taken place as follows: 

I. Paris, i goo. 

II. Rome, 1903. 

III. Berlin, 1908. 

IV. London, 1913. 

V. Brussels, 1923. 

VI. Oslo, 1928. 

VII. Warsaw, 1933. 

The international congresses of philosophy have met as follows: 

I. Paris, 1900. 

II. Geneva, J904. 

III. Heidelberg, 1908. 

IV. Bologna, 1911. 

V. Naples, 1924. 

VI. Cambridge, Mass., 1 g26. 

VII. Oxford, 1930. 

VIII. Prague, 1934. 

The proceedings of these congresses, especially of the philosophical 
ones, contain valuable materials for the historians of science. For ex¬ 
ample, Paul Tannery took a leading part in the historical congress of 

1 No meetings took place in 1914, rgis, igi8, 1920, 1922. 
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FOUNDATIONS OF SCIENCE: 

THE PHILOSOPHY OF THEORY AND EXPERIMENT 
by N. R. Campbell 

In this volume, formerly entitled PHYSICS: THE ELEMENTS, Dr. Camp¬ 
bell provides a critique of the most fundamental concepts of science 
in general and of physics in particular. His point of view is that of 
the experimental physicist rather than the mathematician. This, com¬ 
bined with his knowledge of the entire field of physics, allows his 
investigation to proceed along unique lines. 

This book has three purposes. (1) To discover why certain pro¬ 
positions of science are accepted without question. These include 
the use of hypothesis and theory, induction, application of “numbers" 
to phenomena, dimensional analysis, etc. (2) To demarcate science 
from philosophy, and to discuss attempts to make one a branch of 
the other. (3) To clarify our understanding of the tools of science 
(theory, probability, measurement), to prevent errors in their use, 
and to extend our understanding of the phenomena which we in¬ 
vestigate by their means. The author draws upon the work of count¬ 
less predecessors, ranging from Euclid and Aristotle to Maxwell, 
Planck, Poincare, Bergson, and scores of others. 

This is not an elementary work. If is written for the reader who has 
a good background in the physical sciences and it has been accepted 
as a classic in its field. It is difficult to conceive that anyone in¬ 
terested in the sciences would not profit by studying this monumental 
work. 

FOUNDATIONS OF SCIENCE is divided into two parts. The first part 
analyzes the presuppositions upon which scientific thought is based. 
Subject matter of science; the nature, discovery, proof of laws; 
theories; chance and probability; science and philosophy are dis¬ 
cussed, and the physical nature of the world is studied in relation 
to problems suggested by mechanics, thermodynamics, gas theory, 
and electrical phenomena. In the second part the author covers the 
nature of experiment and the application of mathematics; measure¬ 
ment, magnitudes, fractional and negative, units and dimensions; 
errors of measurement etc. are all considered. An appendix covers 
problems that arise from relativity, force, motion, space & time. 


Index, xii + 565pp. 5% x 8. 


S372 Paperbound $2.95 











A CONCISE HISTORY OF MATHEMATICS 
by D. J. Struik 

This compact, readable history describes the main trends in the 
development of all fields of mathematics throughout the ages. 
Students, researchers, historians—specialists and laymen alike—will 
find it extremely useful and interesting. 

Beginning with the Ancient Near East, the author traces mathe¬ 
matical ideas and techniques through Egypt, Babylonia, China, India, 
and Arabia. He considers Greek and Roman developments from 
their beginnings in Ionian rationalism to the fall of Constantinople; 
covers Medieval European ideas and Renaissance trends; analyzes 
17th and 18th century contributions; and concludes with an exposi¬ 
tion of 19th century concepts. 

A CONCISE HISTORY OF MATHEMATICS covers such early develop¬ 
ments as the Egyptian Papyrus Rhind, the Ten Classics of China, the 
Siddhantas of India, the Liber Abaci, and others. Every important 
figure in mathematical history is dealt with—Euclid, Archimedes, 
Diophantus, Omar Khayyam, Boethius, Fermat, Pascal, Newton, Leib¬ 
nitz, Fourier, Gauss, Riemann, Cantor, and many others. 

"A very valuable book," AMERICAN MATHEMATICAL MONTHLY. 
"A remarkably complete and accurate picture of the history of pure 
mathematics," JOURNAL OF THE ROYAL NAVAL SCIENTIFIC SERV¬ 
ICE. "Compact, orderly, authentic," AMERICAN JOURNAL OF PSY¬ 
CHOLOGY. 

Second revised edition. Bibliography. Index. 60 illustrations, includ¬ 
ing Egyptian papyri, Greek mss., portraits of 31 eminent mathe¬ 
maticians. xix 4 299pp. 5% x 8. 


S255 Paperbound $1.75 
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